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POSTSCRIPT 


In; issuing the last volume of this work the editors extend their 
hemrty thanks to all the nearly seventy collaborators byyrhose seal and 
ability it has been made possible. In the midst of tb^ incessant 
demands of strenuous lives they have given of their best, often, as the 
editors well know, at the expense of comfort, recreation, and sleeps 

Two have relinquished their earthly labors: Lennahder, who com- 
pleted part of his work, and Mikulicz, who had not even had the 
opportunity to begin his task. Not on)^ as authors, but as warm 
personal friends, the editors sincerely mourn their loss. 

The departures from the order of the chapters as originally 
planned have been necessitated in some cases by serious illness, but 
more commonly by the exigencies of extremely busy lives. Men with 
ample leisure would hardly have performed the task satisfactorily. 

The prospectus promised five volumes of 800 pages each, 4000:, 
. pag^ in all, but the completed work covers nearly 5500 pages (to say 
nothing, of the large increase in the amount of text from using smaller 
type in certain parts), an mcrease of over 25 per cent., without any 
increase in price. 

To the artists, the publishers, and their einployds, for their unfailing 
courtesy and efficient aid, the warm thanks of both editors and authors 
are tendered. 

WiLUAM W. Ksiiir. 

TBajkDUVPBiA, Pa., October, IMS. 
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SURGERY 

ITS PRINCIPLES AND PRACTICE 


CHAPTER LXX. 

SURGERY OF THE VASCULAR SYSTERS. 

By Rudolph Matas, M. D., 

NBW ORLISANIS. 

L SURGERY OF THE PERICARDIUM AND THE HEART. 

SURGERY OF THE PERICARDIUM. 

Historic Memoranda.— In 1648 Riolan first Buggested drainage of the pericardial 
sac and recommended tliat the lower end of the sternum be trephined for the purpose. 
In 1798| a centuiy after, Desault and Larrey independently attempted to evacuate 
the pericardial sac by different routes, the latter by the left costoxiphoid space* 
but failed in both instances because of mistaken diagnosis. LaSnnec in 1810 greatly 
contributed, by his powerful influence, in encouraging pericardiotomy. He advised 
Riolan’s plan of trephining the sternum at the xiphoid cartilage. The first successful 
pericardiotomy was performed by Romero, of Barcelona, in 1810, who incised the 
chest in the fourth and fifth interspaces near the sternum. He saved two patienta 
The great epidemic of scurvy in Cronstadt and the Baltic provinces gave numerous 
opportunities to Russian surgeons (Karaneff, Kyber, et al.) to tap the pericardium 
for the relief of hemorrhagic pericarditis. In 1854 Trousseau and Las^e greatly 
aided in the establishment of this operation by their influential advocacy. 

The method of puncture and aspiration supplanted all other methods of puncture 
in France and other countries after 1869, in consequence of the eloquent representa- 
tions of Dieulafoy in. France. Bowditch, .of Boston, likewise influenced the pro- 
fession in America. Wheelhouse, of Leeds (1866); West (1882), in England; J. B, 
Roberts (1876-07), America; Rosenstein and Hindenlang (1870), in Germany, firmly 
established the value of pericardicentesis as a curative procedure in their respective 
countries. 

With the advance of asepsis, a tendency to return to the open metluxii of 
incasion is everywhere noticeable. The greater safety of aseptic open pericardiotomy 
over the uncertainties of puncture, with its of injuring the hei^, Is urged by 
J. B. Roberts, C. B. Porter, Stephen Paget, von Euielsbeig, Kooher, Allingham, 
Fendlebury, and other surgeons, and this mode of procedure gains ground grad- 
ually but sur^y. 

SofxIciRl Anatomy.— The Perieiuriiiam.-^Thfr outUne^^^^ 

carditun is that of a truneatod oinw, the e|^ 

luib r-fii. 
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SURGEBT OF THE. VASCULAR SYSTEM. 


and with the base resting on the diaphragm. The base is directed 
slightly downward and to the left. The line of the base crosses the 
ensiform cartilage at its junction with the sternum, commencing 2 cm. 
to the right of the right sternal border, and ends 6 to 8 cm. (3 to 4 inches) 
to the left of the sternum, in the fifth interspace. The right border of 
the pericardium may be indicated by a slightly convex line going out- 
ward and upward, from the beginning of the base line on the right of 
the sternum, reaching a point 1 to 2 cm. to the right of the sternum on 
a level with the second right costal cartilage. It then approaches the 
sternum and is lost behind it on the left side. The left lateral outline 
of the pericardium begins inferiorly at the left end of the base line, in 
the fifth interspace, and ascends obliquely upward to a point slightly 
to the outside of the left sternoclavicular articulation. The two 
lateral boundaries of the pericardium tSi^ indicated would, if prolonged 
from this last point downward, meet on a level in the right second inter- 
costal space, at the sternal junction. The anterior layer of the peri- 



Fka. 1. — OuTLiMi or thd Hbart and Aobta 
ON THB ANTKRion Wall or TBa Thorax. 
(Terrier and Reynond.) 



Fig. 2. — Outlinb or Hbabt, Fudura, And 
Lungs, Showing thr Intbrplrural 
Prricardial Spacr. (Terrier and Rey* 
mond.) 


cardium is separated (in the anteroposterior plane) from the sternum 
above by an interval of 3 to 5 cm.; below, by a thickness of 1 cm. 
While the pericardial serosa is everywhere brought in intimate contact 
with the heart (Poirier), and is in constant touch with it, so that it 
follows all its movements, it also forms several duplications or culs- 
de-sac at vmous points, which become distended when effusions fill 
the pericardial sac. Of these, the anterior lower cul-de-sac is of surgical 
importance in tapping the pericardium, as we shall see later. At the 
diaphragmatic plane of attachment, on a line with the costophrenic 
an^e, it is folded on itself for a distance of 1 to 2 cm. It is possible 
to perforate the pericardium at this point without touching the heart. 
The parietal reflections at the base of the heart follow the course of 
the great blood-vessels in an irregular line, .which attains its greatest 
height at a point corresponding to the posterior surface of the origin 
of the right imominate. This would be about the middle of the manu- . 
brium 8teitti«y'" The aorta, up to the origin of the innominate,- and the 
pulmonary arteiy, up to its bifurcation, are enveloped by the pericardial 
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serosa. Injury to these vessels would be followed by an immediate 
hemorrhage into the pericardium. The pericardium is of variable 
thickness, — ^usually 1 mm., — sometimes much thinner. It is of a white 
dull color, by which it can be distinguished readily from the pleura, 
which is translucent. 

The Internal Mammary Artery. — ^The internal mammary arteries . 
are usually described as passing perpendicularly downward from their 
origin in the subclavian on each side of the sternum behind the carti- 
lages of the ribs, about one-half inch outside of the sternal mar^n. 
The tendency of each artery is to depart slightly from the margin of 
the sternum from above downward. Voinitch-Sianojentsky, after a 
careful study of many cadavers, state that the average distance of the 
artery in the fourth interspace is 1.6 cm.; in the fifth, 2 cm.; in the 
sixth, 2.5 cm. As these are the most important interspaces from the 
surgical point of view, we need not consider the other relations of the 
artery. 

The Anterior Pleural Culs-de-sac. — These follow a direction 
which is variable in normal individuals, and is made still more irregular 



Sia. 3.— AifOHiUiom VABiATiom m mm Pmi- 
non or .TUB Idtir Punjiu. (Torrier ud 
HejmoDd.) 

Tin left plnm i« ihown orosaing (be middle line. 



Fra. 4. — AIIOHAI.T or Riobt Plbuba. 
CTemer and Reymond.) - 
It Is shown erasslDg the medim Him. 


by pathologic conditions which involve the lungs and chest-walls in 
various wa 3 rs, and from other causes. It is in regard to this part of 
the topography of the chest that the differences between authors are 
most marked. (See Dr. Irving Haynes’ paper.) The discrepancies are 
due, according to Voinitch, to — (1) The great frequent^ of normal indi- 
■ridual variation; (2) the greater frequency of variations 

which influence the anterior attachments of the jdeura; (3) to the 
diversity of methods employed in making the investigatiim. Accord- 
ing to Bochdalek, out of fifteen adult subjects, not one was found with 
perfectly normal pleurs^ The study of tlw rdatipn of the pleuiw to 
the ebest-wall is vary important to the operator who is intie 9 [i|ited..M^ 
avdding the j^eura while puncturing or opening the peric^^idium,»in 
(baining the sac, or when operating on the heart, 
infectiim of the pleora while punetiiring w incising the pericai^^ 
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pus cases, also of causing surgical pneumothorax accidentally, justifies 
the great importance attached to the subject. Voinitch-Sianojentsky 
nftlla attention to the fact that the topographic relations of the pleura 
to the chest-wall and the pericardium are influenced by a variety of 
pathologic conditions. Thus, adhesions in the right pleural cul-de-sac 
draw it toward the right side; adhesions in the left pleural cul-de-sac 
draw it toward the left; adhesions in both pleural culs-de-sac cause a 
retraction of both pleurae and increase the width of the interpleural 
space, thereby uncovering the surface of the pericardium in the 
anterior mediastinum to a larger extent. The older the adhesions, 
the more fixed and extensive they are, the greater their influence in 
retracting the pleural borders. In addition, pleural effusions, pul- 
monary lesions— emphysema especially; scoliosis, marasmus, abdominal 
tumors, ascitic accumulations; cardiac hypertrophy and dilatation 
and pericardial effusions all change the normal relations of the pleural 
sacs to the anterior mediastinum, and contract 
or enlarge the free pericardial interpleural 
space. Contrary to the views of other author- 
ities, Voinitch believes that in pericardial effu- 
sions the interpleural space is widened, and 
that the floor of the sac is lower and displaced 
anteriorly, so that the anterior pericardial cul- 
de-sac descends between the diaphragm and the 
thoracic wall. According to his view, the lowest 
point of drainage would be on a level with the 
sixth left costal space. 

The Anterior Mediastinum or the Inter- 
pleural Space; the Uncovered Pericardial 
Triangle of Voinitch-Sianojentsl^. — ^By mak- 
ing a composite study of a series of superim- 
posed tracings of the anterior pleural margins 
taken from normal subjects, Voinitch was able 
obtain the outline of a small, irregularly tri- 
CTM i iAi wj ‘®g'ilar space, which represented the pleura- 

free or uncovered surface of the pericardium. 
The long axis of the space lies cm. to the left of the middle line of 
the sternum, and runs parallel with the vertical line drawn through 
the seventh left chondro-sternal articulation. This triangle is bounded 
above by a horizontal line which crosses the lower border of the fifth 
chondro-sternal articulation, and below by another horizontal line 
which crosses the seventh chondro-sternal joint and the base of the 
mphoid cartilage. An exploring needle introduced, directly forward 
into the sixth interspace, close to the sternal margin, will penetrate the 
pericardium without injuring the pleura or touching the mammary 
vessds, and will drain the antero-inferior pericardial cul-de-sac where 
the aoeumidations are always present when a patient is in a semi- 
recumbdnt position. This spot we shall henceforth refer to as Voinitch’s 
“trian^e o^si^ety.” 



SUBOEBT OF THE FEBICABDIUM. 21 

Lungs. — From the sternal ends of the clavicle the lungs converts 
so that their thin edges meet in the mesial line, on the level with the 
second costal cartilage. From the level of the second costal cartilage 
to the fourth the margins of the lungs lie parallel or nearly so, close 
behmd the middle of the sternum. Consequently their thin edges 
overlap the great vessels and the valves at the base of the heart. 
Behind the level of the /hurlA costal cartilage the margins of the lungs 
diverge, but not equally. The margin of the right follows the direction 
of the cartilage of the sixth rib; the marpn of the left lung is notched 
for the heart, and runs behind the cartilage of the fourth rib. A line 
drawn perpendicularly from the liver would find the lower lung-marpn 
about the lowest part of the sixth rib (Holden). In deep inspiration 
the lung-margins descend about inches. In children the lungs are 
separated in front by the thymus; about the approach of puberty this 
gland disappears. 

For clinical purposes Latham’s description of the uncovered cardiac 
area (least resonant to percussion) is valuable; “Make a circle of 2 



Fio. e.— Bscnnn amd Pocxm » Tm Pmicakoial Sac whin DmnmDBD bt FUrm. (Btbn.) 


inches in diameter around a point midway between the nipple and the 
left lower end of the sternum. The circle will define, for all practical 
purposes, that part of the heart which lies immediately behind the 
wall of the chest and is not covered by lung or pleura.’’ 

The quantity of liquid that the pericardium may contain is quite 
variable — often one quart, but in very exceptional cases it has been 
found to contain as much as four liters or about one gallon. 

Relationship Between the Heart, the Pericardium, and its Fluid 
Contents, when Bffwkms Exist in the Sacr— The distributbn of the 
fluid contained in the distended pericardium has important practical 
bearings, not only upon the technic of paracenteris and pericaidiot* 
omy, but also upon the interpretation of the phenomena of heart^dm- 
pression in progressive exudations or hemdrrhagia extiavasationSj M SM 
shall point out later in dealing with heart wounds; The old vidw held 
by Skoda and his foUowers that the hearty was suspend^ 
g^t vascular trunks at the summit of the pffieardiu% add ti^ wh^ " 
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fluid accumulated in the serosa it always gravitated downward and 
forward, displacing the heart backward and floating it upward, is no 
longer tenable in the light of more recent and careful researches and 
observations. Schaposchnikoff, Gurschmann, Voinitch, Eehn, etc., 
teach that the heart is pushed upward anteriorly, and may be in 
contact with the anterior wall. Others contend that the heart 
remains in its normal position (see authors quoted by Calvert), and 
that its normal position is not altered until myocardial compensation 
fails. According to Calvert, when compensation fails, the heart be- 
comes smaller and smaller until collapsed, when it is driven back- 
ward with the increasing intrapericardial tension agamst the posterior 



Fzo* 7.— MmiAL SscTioN Bhowinq Rblatxoka of 
Hbabt TO PbricaruialSac in Pbricaedial Effu- 
sion; SOBJBCT Lyino H 0 RIEONTALI.Y. (Voinitch.) 
Appesnuioe when the perioardium contains 400 grams 
of liquid. 


Fto. 8. — ^Tiii PsRiCARoiUM Contains 
400 Grams, thb Subject Sittznq 
Up. (Voinitch.) 

Note accumulation of fluid in the 
dependent parts, especially in the an- 
tenor costo-phrenio sinus or pocket. 


wall of the pericardium. There appears to be no difficulty in accept- 
ing the view that the position of the heart is practically normal as long 
as myocardial compensation exists; but the opinion expressed by 
Calvert, based upon the observation of two injected cadavme, is at 
variance with the most recent experimental and clinical experience. 

The latest experimental and clinical evidence furnished by surgeons 
who have opened the pericardium in living subjects and noted the 
disposition of the contained fluid and the relationship of the heart to the 
chest-wall (Rehn, Brentano, Riedel, et al.) confirms the facts brought out 
long ago by 'Gurschmann, Schaposchnikow, Yoinitch-Sianojentil^, 
arid others (Figs. 7 to 10), that the fluid primarily accumulates in the 
two postero-lateral pouches of the pericardium on each side of the 
middle partition formed by the rigid, unyielding projection of the 
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vena cava superior and inferior and the intermediary right auricle to 
which they are attached. Subsequently the fluid collects in a 
dome-shaped space defined transvenUly by the pulmonary vein and 
bounded above by the distended reflection of the serosa at the point 
where it is attached to the aorta and the innominate artery. When 
the pericardium is distended by fluid, these three compartments — 
right, left, and upper — ^are well defined by the middle vertical partition 
formed by the vena cava and by the transverse projection form^ by the 
pulmonary vein (Rehn). In large effusions the diaphragm is also dis- 
placed downward, and the anterior costo-phrenic sinus, which is only a 
potential space in normal conditions, becomes distended by the accumu- 
lated fluid. The heart, l}dng immersed in this fluid bed, cannot be dis- 
piaced backward on account of its fixed and immovable attachments, 



Fig. ft.—Tiis Psricabdium hah huh lNJBcm> with Fig. 10.— Thh Pbricardium Gomtainh 
40 Giukb or Fluzo, thr Bubjuct LTiira Down. 40Graiib of Fluid, thr Subjrot 
(V oiniteh.) iN thb Erect Position. (VoI- 

. nitoh.) 

at its base, to the vena cava, but its apex and movable ventricles are 
crowded forward toward the anterior chest-wall by the fluid which has 
accumulated in the postero-lateral pouches and upper dome-like 
compartment; also slightly upward by the fluid which gravitates into 
the costo-phrenic angle. The distended pericardium cannot expand 
backward, behind the heart, on account of the resistimee of the verte- 
bral column; or forward, bMause the thoracic wall is in the way. It 
can only e:^and and stretch laterally at the expense of the lungs and 
otto ]^ding mtrathoradc oripms. Hence in the great effurions 
which cause hearb-pressure-dgns the distoided laterd sacs stoetch out 
laterally— beyemd the rig^t xnaii^ of tiie sternum, where the fluid can 
be easily tapped — or to the left of the mammwy line, and beyond, it, 
where a trocar can enter without approaching the heprt A 
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capital fact that results from all this discussion is that the heart 
is, progressively crowded forward, always approaching the chest-wall 
more closely as the tension of the pent-up fluid increases. Conse- 
quently the normal precordial area is the most dangerous of approach; 
not only is there no fluid, or very little, to tap in front of the heart, 
but the organ blocks the way to the accumulation which lies behind it. 
This forward crowding of the heart by pericardial extravasations and 
effusions has been noted by surgeons in operations for heart wounds, 
as well as for the relief of pericardial effusions. It has been noticed 
that the heart, unless held by adhesions, immediately drops back into 
the mediastinum the moment the pericardial tension is relieved by the 
incision which releases the fluid. In fact, it is a problem in heart- 
wounds which require suture how to bring back the heart to the surface 
where it will be most accessible to the surgeon. 

Pericardicentesis (Paracentesis Pericardii).— Selection of the 
Site of Puncture, and Technic. — In preparing to puncture or tap the 
pericardial sac, either for exploratory or therapeutic purposes, the opera- 
tor should select that site for theintroductionoftheexploringneedle which 
will give the patient the greatest security from — (1) Injury to the mam- 
mary vessels; (2) injury to the pleura; (3) injury to the heart itself ; and, 
at the same time (4) provide a certainty of reaching the largest col- 
lection of fluid in the most favorable position for aspiration and drain- 
age or, if necessary, incision. The surgeon should provide himself 
also with such instruments or apparatus wliich will be certain to demon- 
strate the presence of the fluid if it exists in quantities sufficient to 
justify the operation. That these desiderata have not been satisfied 
fully by any of the single methods thus far proposed is shown distinctly 
by the vast number of suggested “typical” points of puncture, or of 
“election,” which crowd the literature of the subject and bewilder the 
judgment of the student and the operator. In order to arrive at 
some conclusion as to the best point for puncture, we will consider 
seriatim the desirable conditions which are to guide us in making our 
choice: 

(1) The internal mammary vessels. The importance of avoiding these 
has been so fully recognized that the position of the internal mammary 
has been taken as a basis for the classification of the typical points of 
puncture, which may be divided into — (o) puncture iruide of, and (6) 
outside of, the mammary vessels. The position of these vessels has bem 
so well recognized that of all the accidents which have been recorded as 
occurring in this o^ration, injuries to these vessels are the least frequent. 
In accordance with the atove division we find that all the inter- 
costal spaces from the third left to the seventh left costal cartilage 
have been selected at some time or other, for puncture either close to 
the outer marg^ of the sternum inside of the mammary vessels, or 
outside of these. 

The accompanying diagram will give some idea of the diversity of 
opinion as to the so-called point of election in paracenteris pericardii: 
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A. Third intercostal space (Schub and Sharp). 

Fourth intercostal space (Karanajew; Pirogoff; Champouillon). 
Fifth intercostal space (Roger, Aran, Heger, Bdaeau, Ferrand, 
West, Wilson, and J. B. Roberts— for septic cases). 

Fourth or fifth intercostal space (Sievers, Dieulafoy, Rosenbach). 
Sixth intercostal space (Hobart A. Hare; Delorme and Mignon; 
Voinitch-Sianojentzky) . 

Seventh intercostal space (Beckmann; Behier). 

In the left costo-xiphoid notch close to the ensiform cartilage 
(Laennec, Boyer, Richerand, Muller, John B.' Roberts (espe- 
dally in septic cases), Allingham). 



Tlie dotted line Hhowfi pleura, a, naiaeau; h, Delorme and Mignon, Hare, Voinitch-Bjaiio- 
ientiky; c and r*. Dieulafoy; a little to the left of these points, nearer tlie axillanr line, w^'ujd be 
Cunichtiiann's preferred point; d, Hrliuli, Bliarp; f, Troueeeau; /, Larrey, Pendlebury, Allinghani, 
and lloberts; g, Rotch, Wilson, Sohapochnikoff, etc. 


The technic of pdracentems pericardii by means of a needle or capillary trocar 
is perhaps best illustrated by describing the procedure as applied by Dieulafoy. 
As this is perliaps the most classic, best known, and probably most often applied 
method, Dieulafoy has his patients propped up in a semircciimbent position in 
bed. He selects the fourth or the fifth intercostal space, preferably the fifth, 
because it is nearest to the apex. The point where the needle is to enter 
into the thorax is marked at a distance of 6 cm. from the left border of the 
sternum. Needles No. 1 and 2 are used— preferably the last. After pene- 
trating 1 cm., the aspiration is started by opening the stop-cock which leads 
to the vacuum already set in the syringe. The needle or trocar is gradually 
pushed forward obliquely from above downward until the liquid appears in the 
glass index connected with the asfHrator. As the liquid diminishes in the 
pericardium the needle is tUted liorisontaUy, so as to moke it run parallel with 
the ventricle. If the needle should come, in contact with the heart, the operator 
would be advised at once by the movements imparted to the needle by the con- 
tractions of the heart. 

The simplicity of this procedure is more apparent than real, and 
while it wiU readily and sidely accomplish the evacuation of the i^- 
cardium in large ample svous efifunons, it is veiy unrdiaUs. and 
dangerous m all doubtful cases in which pus may edst in the pepir 
cardium, or b exploratory puncto^ when a sinipty cdai|^' ^ 
has been mistaken for a.peiicar^Atilusion.:. '.■/ 
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It is evident that, in the majority of procednies above referred to, 
the ^ect of puncture of the pleura has been disregarded in spite of the 
fact that there are recorded cases of infection of the pleura from peri- 
cardial tapping in septic cases (Delorme and Mignon, Salomon!, et aL). 
The danger is, therefore, not theoretic; and in view of the frequency with 
which unexpected pus or puruloid material is revealed, we would con- 
clude that outside of strictly dropsical cases all methods which neces- 
sarily perforate the pleura should be excluded, no matter how satis- 
factory they may have proved to their advocates in the past. 

The danger of vxmnding the heart or the coronary vesseis on its surface 
by a puncture is not an idle fear. It has happened repeatedly, with 
very serious consequences (vide infra Accidents). This acddent is 
undoubtedly a source of great anxiety to the operator, even though 
he may be a most experienced surgeon. It is interesting to note 
that the internists who have the least acquaintance with surgical 
responsibility have, with notable exceptions, championed methods 
of puncture and aspiration, putting off the safe aseptic open method 
of incision, even when the former were obviously insufficient. On 
the other hand, the surgeons, especially in recent years, have shown 
a distinct preference for the open incision, which is the only guar- 
antee against accidental injury to the heart At any rate, the old 
trocar and coarse aspirating needles, and “the plunge in the dark” 
methods, have all been abandoned in favor of capillary puncture rnwrlA 
with a fine needle, a little larger thiui is used for ordinary hypodermic 
medication. While it is true that the heart has been purposely punc- 
tured and aspirated for the relief of many desperate conditions (paralysis 
from overdistention, air embolism, etc.), it is also true that a number 
of instantaneous or quick deaths have unexpectedly occurred as a result 
of, or in connection with, injuries of the heart in pericardicentesis. 
In one of 80 cases reported by West two ounces of blood came through 
the cannula and the patient died in a few minutes; the right ventricle 
had been tom about the middle of its anterior aspect. In Ann t.h^r 
( 1868 ) lOi ounces of blood came through the cannula; the left pleura 
was also wounded, and the patient died m two hours; more than half 
a pint was found in the pleura, although the heart had been repeatedly 
punctured without apparent bad effect. On the contrary, in a notable 
case reported by Sloan, this accident was followed by the most astonish- 
ingly beneficial effect. For these and other cases bearing on this point 
the reader is referred to Stephen Paget’s admirable “Surgery of the 
Chest.” 

To guard absolutely against this most deplorable accident there is 
but one method, and that is open incision (with or without resection). 
Which will expose the pericardium and allow the operator not only 
to feel, but to see, the heart. No form of protected or guard^ trocar 
or cannula can prevent the penetration of the heui) whenever it is 
bound down by adhesicms to the anterior pericardial wall, or when 
there is a large (Natation with scant effusion; or also in cases of mistaken 
diagnosis, whm the operator will push the instrament into the peri- 
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cardium and puncture the heart before he is advised by the rh 3 rthniic 
movements imparted by the organ to the needle that he has come in 
contact with the heart and that the mischief is done. J. B. Roberts 
says: “1 and others have invented peculiar aspirating needles to 
avoid wounding the heart when the effusion has been nearly all evac- 
uated; but these devices will not avert puncture of an adherent heart, 
or evacuate serum or pus, confined behind the heart by intrapericardial 
adhesions.” 

Even if the heart itself is not perforated, the coronary vessels, 
especially the vein, on account of its superficial position, may be punc- 
tured, and serious, if not fatal, hemorrhage take place (Byrom Bramwell, 
et al,). In addition to the risk uf hemorrhage from injury to the heart, 
Delorme and Mignon found, in one of their dissections, a vein of such 
size l 3 ring in front of the pericardium that a free hemorrhage would have 
resulted from its puncture. It is greatly to the credit of the first opera- 
tors who suggested relief for pericardial effusion that they anticipated 
the accidents reported by their successors (who used trocars and aspira- 
tors) by refusing to plunge in the dark and advising always that the 
open operation be performed. This they advised should l)e done either 
by trephining the sternum (Riolan, 1648; Skilderup, and later by the 
first successful operator, Romero, of Barcelona, 1819). Trousseau, the 
great exponent of the operation in France, fdways cut down to the 
pericardium, felt it, and not till then punctured it or incised it, after 
holding it up and away from the heart with forceps. 

If open incision is the only safe and certain course, why not 
abandon the former and make it a rule to adopt definitely the 
open route to the pericardium by incision or resection 7 It may 
be answered— (1) Because adherent pericardiums with large effusions, 
such as would require exploration,, are very exceptional; (2) because 
the laws regulating the disposition of the fluid accumulation in the 
pericardium and the means of differentiating these from heart and 
other lesions, by physical diagnosis and skiagraphic e xaminat ion, 
have greatly improved the chances of a correct diagnosis; (3) because 
the majority of the effumons resulting from rheumatic, (^opsical, and 
even pneumococcal pericarditis are non-purulent, aseptic, and require 
only simple puncture and aspiration for their relief; (4) because no 
deaths thus far have been recorded from capillary punctures, even when 
these have been known to puncture the heart; (5) because in many in- 
stances a patient wiU be able to stand a puncture with a needle or capU- 
lary trocar with coctun anesthena, and be relieved when it would be 
practically impossiMe to perform a systematic and weH-jdanned pericar- 
diotomy, even when a skilful surgeon, who is thoroughly familiar with the 
best methods of local anesthesia, is at hand;; (6) the apparent aimidicity 
of puncture in asinration, when H is successful, and the ease with 
which relief is obtained in emergmeies. These are the reasmis, perhaps 
why so many are willing to take thdr ehanees Of # ]hmcture..o^ the 
heart and of the pleura with an asidriitliig neel^^.#Ktt^ t^^ 
the case at once to the smgeem for operation^ It OtiiSt W^ 
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as long as pericardial effusions are to be treated surgically only when 
they have attained such proportions that the entire circulatory and res- 
piratory apparatus of the patient is crippled and the unfortunate victim 
is in extremis, the opportunity for successful surgery in this field will 
always be limited. Therefore, while emphatically in favor of the open 
method in all cases in which an aseptic, deliberate, and well-planned 
operation can be performed, we must admit that the exigencies of 
practice justify occasionally the use of the exploring needle or capillary 
trocar for the exploration and relief, in non-septic cases, of pericordM 
effusion. 

Having decided that exploratory punctm^ are advisable, and may 
be even obligatory in some cas^, we should adopt such precautions as 
will reduce the possibility of accidents to a minimum. 

The Instruments. — An exploring syringe 
attached to an extra h>ng hypodermic needle, 
but not over 3 cm. long, or a capillary trocar (not 
over half a millimeter in caliber), attached to a 
Potain aspirator, will do for the purpose. If the 
case is plainly one of hydropericardium or dropsical 
effusion, this puncture will serve not only for diag- 
nostic, but for therapeutic, purposes as well. If it 
is a pus case or a serofibrinous case with many 
flocculi, the puncture will reveal: (1) The pres- 
ence of the fluid; (2) its character, and (3) the 
depth of penetration required to reach it. It is 
desirable not to use needles, and especially needles 
with long points, even when they do not exceed 
i mm. in caliber; preference should always be given 
to capillary trocars attached to aspirators, and, for 
this purpose, the exploring trocar syringe (Fig. 12), 
devised by Voinitch-Sianojentzl^, has decided 
advantages. In this syringe the stilet of the 
needle trocar is controlled by the piston head to 
which it is attached. The movable stilet will prevent clogging and dear 
the minute cannula when necessary; and the stop-cock attached to the 
cannula will allow the fluid to be aspirated when the S3rringe is full. 
If the fluid in the pericardium is clear, as in dropsy, this little instrument 
will suflflce to drain the sac; if the fluid is thick (pus or blood, or any 
other inflammatory exudate), a sufficient quantity, if only a drop, 
can be brought out for diagnostic purposes. 

The exploring instrument should be introduced into that part of 
the pericaiffial sac where the fluid will accumulate while the patient is 
in a semirecumbent position— that is, the anterior or costo-phrenic 
angle or eul-de-ciae. To reach this cul-de^ac there are two points of 
election where the pericardium is pleura free— (1) the sixth left inter- 
costal space, close to the margin of the sternum, or what we have desig-' 
na^ as VoinitelhSianojentelgr’s safety line; or (2) the left xiphoid 
space, in the extreme upper edge of the chondro-xiphoid angle, whoe 



Fxo. 12.— Voikxtch'b Ex- 

PLORATOBT STRINGB, 
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the skin may be marked with a bistoury to show the juncture of the 
seventh left costal cartilage and the ensiform. A needle driven obliquely 
upward and backward at this point, so as to avoid the diaphragm, will 
reach the anterior pericardial cul-de-sac, without touching the pleura 
or peritoneum, at a depth of } to 2 inches. Without denying that 
excellent results have been obtained by operators who have util- 
ized many other classic or typical points of election to the left or 
right of the sternum, I would prefer the left xiphoid space at its 
extreme upper angle as the point of entrance, which offers greater 
advantages and less risks than any other; next to this, Voinitch’s 
safety spot (junction of the sternum in the sixth left interspace) ; then, 
if the needle fails at these two points — Rotch's point, in the fifth right 
intercostal space, 4 cm. (1.12 inches) outside of the border of the sternum. 
This writer (Rotch) states that an effusion of even as little as 100 c.c. 
can be found at this point, and there b less danger of wounding the 
heart on account of the greater tendency of the fluid to accumulate 
on this «de than on the left of the pericardium, though the pleura 
is bound to be perforated. Negative findings in the practice of aspira- 
tion do not necessarily exclude the presence of fluid in the peri- 
cardium. 

Depth of Penetration.— To what depth should the needle penetrate 
through the chest in exploring the pericardium? 

Terrier and Reymond state that it is prudent, unless there is a 
special reason to the contrary, to withdraw the needle or trocar when- 
ever it fails to strike the fluid at a depth of 2} cm. The vacuum should 
always be made slowly, as the needle is pushed forward, and the 
trocar or needle should never be removed suddenly. If withdrawn 
gradually, with the patient in the semirecumbent position, and the 
fluid does not appear in the syringe, it will be safer to proceed to peri- 
cardiotomy. We would insist that, after the fmlure of one puncture 
at a proper point, with a well-tested aspirating needle, it will be infinitely 
safer to abandon paracentesis and proceed to pericardiotomy, provided 
the history of the case and the physical signs confirm the necessity and 
urgency of pericardial exploration. 

Accidents of Paracentesis. — (1) Dry puncture — i. e., no fluid 
obtiuned by puncturing within safe limits of penetration — is recorded 
in 18 out of 180 cases (Salomoni). It is attributable to insuflkient 
penetration; to blockade of the cannula or needle with exudates; to 
excessive thickening of the pericardium; to mistaken diagnons, or 
to mediastinal tumors (Schuh and Rendu). 

(2) Puncture and aspiration of pleurd effusion mistaken for pericar- 
dial meudation (Desault, Bdhier), just as the pericardium has been 
punctured by mistake instead of the ptoura. 

(3) Puncture of the heart (accidental cardiocmiteais) in dflated 
heart or adherent pericardium. Cases ^ this kind are, no doubt, 
more numerous than are teoorded. Only' 2 of the patients, in: A fist 
of 11, survived the accident ; the others aU died ^thmf at the 

the opwation or not longw than two hours irfter the talV^ v: ^ 
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(4) Injury to the pleura, no doubt, occurs more often than suspected, 
even when ^orts are made to avoid it. It occurs unavoidably in all 
the methods of puncture outside of the mammary vessels. In most 
instances it is an injury of no consequence so long as it is a capillary 
puncture. In pus cases, however, infection may be left in the pleural 
sac. In three cases pleural infections from this source haye been 
recorded. 

(5) Wounds of the lungs have occurred often, but no bad effects 
have been recorded. 

(6) Injury to the internal mammary vessels thus far is not 
recorded. 

(7) Sudden death without injury to the heart or other organs and 
from apparently no other cause than from emotional excitement in 
weakened patients suffering from endocardial or myocardial lesions. 
This occurred in 7 cases of myocardial and valvular disease. 

Results. — Salomoni (1901) collected 180 cases of pericardiocentesis 
for pericarditis. 

Serofibrinous exudate 142 : 04 recoveries 48 deaths 

(Repeated tappii^. ... Ifi 10. . . .recoveries. .5. . . . deaths) 

Purulent pericarditis 21 7 recoveries 14 deatiis 

(Repeated tappings. .. . 5 3. .. .recoveries. .2 deaths) 

Hemorrhagic pencarditis. . .17 5 recoveries 12 deaths 

(Repeated tappings. ... 2 . .recovery). . . 1 death) 

Total IM Ido 74 

When the fluid is removed, fdl the symptoms usually improve at 
once; dyspnea is relieved; edema and ascites disappear. The improve- 
ment was permanent in 99 of the 180 cases— more than half. In 22 
more the puncture had to be repeated (see bracketed lines in the above 
table) and was followed by 14 cures — in all, 68 per cent. — ^but in the 
majority with adhesions or complete obliteration of the sac. In 74 
cases (41 per cent.) death occurred speedily, by one of the accidents 
previously mentioned, or slowly, by persistence of the disease, septic 
changes in the exudates, degeneration of the myocardium, or diffusion 
to the pleura and lungs. From 37 to 40 per cent, of paracenteses 
recover (Riedinger). West, in 1883, reported from the literature 79 
cases with 36 recoveries, in which the point of election for puncture 
was in the flfth intercostal space, one inch from the left border of the 
sternum. In the Schrotter-Weismayer statistics, quoted by Whittaker, 
47 recovered and 53 died. In Grainger Stewart’s statistics (revised by 
Whittalwr), of 66 cases, 30 recover^ absolutely, 13 were improved, 
and 22 died. In 2 of these eases the heart was injured and hemo- 
pericardium occurred. In all the other cases death was due to the 
original disease or to complications— tuberculosis, heart lesions, pleu- 
risy, etc. Injection of irritants after pericardiocentesis was recom- 
moided by the old operators. lodin and even carbolic acid have been 
injected through the caimula on the same principle that a hydrocele of 
the tu^ca vaginalis testis is treated by injection. Without attempting 
to diitousB the obvious objections to this mode of treatment from the 
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modem point of view, we would state that, at the present time, the 
rule to drain the pericardium by open methods in all recurrent or 
relapsed cases, even if aseptic, would, make this procedure obsolete 
and unnecessary. 

Drainage. — After paracentesis drainage has been attempted, by 
introducing a tubular rubber drain tlirough the cannula, but this 
practice is obsolete, being replaced by open drainage under aseptic 
conditions. 

Pericardiotomy. — Anesthesia. — A general anesthetic is often iteces* 
sury; it is indispensable in children and youths and emotional subjects. 
In middle life and old age the psychic element is better controlled and 
operations under local massive infiltration anesthesia (obtained with 
weak anesthetic solutions), combined with neuro-regional injections 
to control the intercostals, using one-tenth to two-tenths of 1 per cent, 
/^eucain and adrenalin chlorid solution (1 minim to every one ounce 
of 0.8 per cent, salt solution, as practised by myself), will probably, 
in many cases, obviate the necessity of administering a general anes- 
thetic. 

Methods. — As in the study of paracentesis, the practitioner will 
find his judgment severely taxcil by the effort to make a proper selection 
of the numerous methods of reaching the pericardium recommended by 


Fxo. 15.— Pbbicardxotomt pob 
Small . Accumulations. 
(Terrier and Raymond.) 
Vertical inefmon 6 cm. long 
over the sixth left stemoehon- 
dml joint. Resection of the 
sixth and seventh eoetal cai> 
tilagee, including adioiningedge 
of sternum (Vomitoh). 

Pericardiotomy voUh Bmeetion. — (o) Subperiosteal resection of the 
fifth left costal cartilage (Fig. 14) is recommended by Ollier (1891), 
Brentano, Eoerte, and subs^uently by C. B. Porter (1897-1900) and by 
(h) Durand, who modifies the operation by excising the adjacent part of 
the sternum when more space is required, (e) Resection of the fifth and 
sixth left costal cartilage by vertied incision (Delorme and Mignon); 
(d) resection of the fourth left cartilage by von SSselsberg; (e) ohondro- 
plastic flap, including portions of the fifth and sixth eMtal cartilage, 
which is turned upward film a trap-door reflected, as on a hihge^ over 



many advocates. 



Fio. 13 . — Pericabdiotomt in 
THE Sixth Left Inter* 
BPACE (the HeAVT BLACK 
Line) without Costal 
Resection (Desault). 
(Texrier and Reymond.) 



Fig. 14.— Pericabdiotomt. 

Resection of the left fifth 
costal cartilage (Ollier's meth' 
od). (Terrier and Reymond.) 
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the soft tissues in the third intercostal space; (/) Voinitch-Sian(^ 
jentzky, who has made a particularly detailed study of pericardiotomy, 
advocates three procedures (Figs. 13-15), in accordance with the quantity 
of fluid estimated to be in the pericardium. 

The objection to all this is that it is often difficult to make a diagnosis 
of effusion at all, much less attempt to estimate the probable quantity 
contmned in the sac before operation. The anterior area of dulness 
is not a reliable guide of the amount that may be lodged behind the 
heart in the posterior areas. It is interesting to notice, however, that 
Voinitch has adopted, as the safest point for resection, in dealing with 
only suspected or very small effusions, a small area involving the 
sixth and seventh cartilage, with the lower left angle of the sternum, 
and in this way giving his support as a most competent anatomist 
to the preserd tendency, which is to atiack the pericardium through the 
extreme lower end of the sternum and the ensiform cartilage. 

It is also interesting to notice that the experience of many operators 
of a recent period confirms the view that the interpleural space widens 
in proportion to the amount of the exudation. This is the only way 
we can account, unless it be by the obliteration of the pleural sac, for 
the immunity from pneumothorax which has been enjoyed by West 
(1883) and his followers, who were able to enter the pericardium by 
an incision in the fifth interspace below the nipple; and by Kocrte 
(1892), who drained on a level with the upper part of the fifth in- 
terspace, beyond the line of the chondral junction. The practice of 
other operators, who incise the pericardium systematically below the 
left nipple-line, would also support this belief. 

After considering these various methods consistently with the reasons 
which led me to select the immediate left lower stemd and parasternal 
region as the safest and best for paracentesis, 1 must again express my 
preference for this route for pericardiotomy, just as we must aim in punc- 
turing the pericardium to sdect that spot which will avoid the blood- 
vessels and the pleura and yet strike the pericardial accumulation 
where it is largest and most dependent, and where, in addition, the 
lower stemophrenic reflection of the pericardium will insure the greatest 
protection to the heart. 

The anatomic mind of Riolan (1848) foresaw the advantages of 
this route and advised trephining the sternum. Mall4 (1866) was the 
first to operate by the sternal route. Skilderup proposed trepldning the 
sternum below the line of the fifth costal cartilage. (Laennec advised 
that the opening be extended to the ensiform cartilage; Bekmann, 1891, 
of Warsaw, was the first to obtain a complete success by this method). 
A number of theoretic objections have been made to the stemiJ route by 
those who fear that it endangns the pleura and that it gives insufficient 
space or who look upon it as a complicated operation, while the surgeons 
who have adopted the sternal route appear to be perfectly satisfied with 
it. . Durand, Voinitch, and J. B. Roberts all agree that it is the safest and 
easiest pffoitfi horn tto anatpmic point of view, and it is only because 
of jappiji^t lack of space that they seem to have adopted othmr para- 
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sternid procedures. It is interesting to note that this, the oldest of 
methods, has been resurrected and made the most available at the 
present time by the improvements of modern technic. Pendlebury has 
called attention to the excellence of the method, which was first described 
by Drs. Ogle and Herbert Allingham in 1900, and performed by the last- 
mentioned operator subsequently, with repeated success. Pendlebury, 
who slightly modified the Allingham operation (Fig. 16), is convinced, 
by his experience, that this procedure, with such slight modifications 
as may be necessary in individual cases, must become the routine 
method for drainage of the pericardium. "It can be claimed that the 
operation is simple and of short duration, and that it affords excellent 
drainage from the lowest available spot of the pericardial cavity.” 
A vertical incision, 4J inches long, is made, with its center at the lower 
border of the seventh costal cartilage, parallel with and one inch from 
the left border of the sternum. The skin and fascia are reflected 



Fic. 10. — Perxcardiotomy. (Terrier and Rey- 
mond.) 


1, Vertical indnion to open the pleura-free 
pericardial space — Allinghatn-PendleDuty inci- 
sion: 2. oblique eostoxiphoid incidon. without 
resection, suggested by Latrey; 3. oblique ind- 
don with resection (Bulq;»eriosteal) of the left 
seventh chondral cartilage— Mints incision. 


Fio. 17. — PaucABDioTOMT. (Adapted from 
Terrier and Raymond.) 

The sternal route by trephining of the 
sternum — Rislon-Skielderw procedure; again 
recommended in 1906 by Bacon, of Cleveland. 


inward and outward, and the abdominal muscles <reetu8 and oblique) 
are detached from the seventh costal cartilage. The cellular interval, 
“costo-xiphoid space,” containing the superior epigastric artery, is 
broken into with the fingers, some of the fibers of the diaphragm being 
tom. If the p^cardium is distended, it wUl now come to view, or 
at least can be felt. If more space is required to explore the peri- 
cardial sac itself, by introducing the finger 2 inches of the seventh 
left costal cartilage can now readily be excised by rongeur forceps. 
The internal mammary vessels are now exposed and hdd aside or tied. 
More loose connective tissue, fat, and the triangularis stemi will have 
to be put aside. Then the pericaniium, tense and thick, is exposed. 
If neceesaiy, the cartilage at the siztb rib may also be readily removed. 
But this should not be neeessery for ample efqploratibn and dridnage. 
In children it is not imceesary to exrise 
The .(operation has betti p^ormed three times by 
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Allinghftm. It is well to bear in mind not to ineise the pericardium 
until after carefully pushing aside the right and left pleurse. In order 
to avoid opening the peritoneum, the pericardium should be opened 
just above the level of the base of the ensiform cartilage, and, with the 
finger, the opening should be enlarged downward into the costo-xiphoid 
space. A soft-rubber tube should be left for two or three days. 

Mints elaborated the following technic: An incision 7 cm. in 
length is made along the border of the seventh costal cartilage 
(Fig. 16); the abdominal muscles are separated from the under 
surfaces of this rib, a section of which is removed. The internal mam- 
maiy artery crosses the wound and should be ligated. With one finger 
the operator compresses the diaphragm and exposes to view the angle 
of the pleura, and also, somewhat higher and toward the median line, 
the pericardial sac. If the latter is opened at this point, one is assured 
of thorough drainage, inasmuch as the opening is made in the most 
dependent position. As Mints states, this method of approach was 
suggested almost a century ago by Larrey; like the old operation, the 
only serious objection to it is the necessary division of the recti and 
abdominal muscles, which is obviated by the straight incision of the 
previous operators. Finally, J. H. Bacon, of Cleveland, Ohio, as a 
pathologist, has been impressed with the great frequency of pericarditis 
as a complication of other diseases, and the comparative ease with which 
the pericardium may be explored through on opening in the sternum. 
He has found but a single case in 110 autopsies, in which he would have 
failed to enter the pericardium by going through the sternum on a 
level with the fifth costal cartilage, and this was in a cliild of eight 
years with a pigeon-shaped breast. 

In children the sternum is narrow, and one may make the incision 
nearer the mid-line, so that the trephine opening may not separate a 
rib frotp the sternum. The sternum averages f cm. in thickness in the 
adult, but varies considerably. If necessary, the opening may be 
enlarged in any direction, according to the indication, especially if 
Voinitch’s, Porter’s, and von Eiselsberg’s suggestion is to be carried out, 
viz., to suture the lips of the pericardial wound to the skin in order to 
avoid septic mediastinitis. This is preferable and more reliable than 
filling the cellular portion of the cut edge of the bone with a 15 per cent, 
iodoform wax, to guard against infecting the bone, etc. 

Post-operative Treatment. — Position of the Patient. — ^The 
anatomic study of the pericardium and the experimental observation 
made by all recent observers point to the right antero-inferior angle 
of the pericardium as the most dependent portion of the sac when the 
patient is sitting up in a semirecumbent position. We should, therefore, 
advise that all patients who have been drained by the sternal or parar 
sternal routes, previously described, should be propped up in bed still 
higher than in the semirecumbent porition, and not kept flat on thrir 
backs for fear of retaining secretions. 

Drainage. — Drunage after pericardiotomy is to be governed by 
the same rules that guide the surgeon in the post-operative management 
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of empyGina and pleural infections. One or two soft tubes introduced 
into the lower right angle of the pericardium will not only favor drain- 
age, but facilitate irrigation if this becomes necessary. In saprophytic 
and the more active pyogenic infections (staphylococcal and strepto- 
coccal), where absolute drainage must be maintained, in addition to 
facilities for irrigation, a double tubular drain would be preferable; in 
the simple serofibrinous and non-virulent pneumococcal infections a 
simple gauze drain wrapped in a rubber strip (cigarette drain) would 
answer the purpose. Voinitch is in favor of the gauze drain, and 
Scrafini and Levy, in their recent contribution, conclude that 
gauze (cigarette) drains are better tolerated. Clinical experience, 
however, shows distinctly that some of the best results have 
been obtained by tubular drainage. That the mode of drainage 
must be selected according to the Virulence of the exudate is, 
we believe, the rule best adapted to the varying conditions met in 
practice. In imgating the pericardium, plain sterile physiologic salt 
solution should be used; death has followed irrigation with strong 
antiseptic fluids. 

Results. — ^The statistics of pericardiotomy, as well as pericardi- 
centesis, are absolutely unreliable as guides to the prognosis. On the 
one hand, the mere excision of a fragment of the sternum and of the 
ensiforrn cartilage would scarcely add to the gravity of the simple peri- 
cardiotomy or the incision. On the other hand, a simple incision, made 
in an intercostal spa(!e, would become a very grave operation if it 
opened the pleura, creating an acute pneumothorax and subsequently 
complicating the pericarditis with an acute septic pleurisy. 

Reichard further illustrates the fallacy of statistics. He collected 
33 cases, in 19 of which incision was practised alone, and in 14 with the 
resection of the cartilage. Of the 19 cases, 6 recovered and 13 died; of 
the 14 resections, 8 recovered and 6 died. On this statement of figures 
he concludes that the safest procedure is resection. Le Conte, who 
analyzes these statistics carefully, shows plainly enough that the con- 
clusion is not justified by the facts, and that, in reality, the statistics 
of the two procedures may be regarded as very’ nearly equal in the 
same class of coses. 

In looking at the mortality associated with pericardiotomy as a 
whole, and simply with the view of determining the fate of the patients 
whose conditions demand this operation, irrespective of causes, wo 
find that in 36 cases collected in 1901 by Salomoni, 20 recovered and 
16 died, and in several of the cases that died the operation was purely 
of a palliative character for incurable septic, scorbutic, and tuberculous 
conditions. 


In 1900, C. B. Porter, of Boston, reported 51 cases of suppurative pericarditis 
treated by operation, including J. B. Robert's 35 cases and others published up 
to that time. The most frequent single cause was pneumonia (14 cases). Of the 
total 51 cases of pericardiotomy, 20 recovered and 31 died, a mortality for aR 
cases of 60.5 per cent. 
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E. Elliott, Jr. (1900), has added 22 casea which have been recorded in the 
literature ainoe Porter’a publication. Seven deatha occurred in thia lateat group, 
or 31.8 per cent, mortality. Such a ahowing ia very aatiafactdiy when it ia known 
that., without operation, practically all caaea die, and that, with repeated aapira- 
tiona, nearly every caae reported haa terminated fatally. 


Adhesive or Plastic Pericarditis; Cardiosymphysis; Cardiolysis. 

— Adhesive or plastic pericarditis presents itself in two well-known 
varieties, due respectively to inflammation of the inner or serous 
layer of the pericardium (pericarditis interna), or to the combined 
inflammation of the internal and external layers (pericarditis externa). 
These two types must be kept distinctly apart, because simple internal 
(serous) plastic pericarditis with the formation of pericardial bands in 
isolated patches is a very frequent, if not constant, sequel of all forms 
of suppurative pericarditis in many serofibrinous types of the disease. 
Adhesions from this cause and in isolated patches are found in about 
5 per cent, of all autopsies (Chambers, Leudet Geist), whereas total 
or extensive adhesions are found only in about 2} per cent., Ijeudet; 
Willigh, percent.; Reiaman found pericarditis in 7.7 per cent, 
of autopsies in the Philadelphia Hospital, and of these, 20 per 
cent, were adhesive. The second variety of pericarditis involv- 
ing the entire thickness of the membrane leads to complete oblit- 
eration of the pericardial sac more often than the first variety. This 
is often associated with a chronic hyperplastic mediastinitis which, 
whether beginning in the pericardium itself or elsewhere, continues to 
involve all the connective tissues in the mediastinal spaces. By the 
persistence of this process the pleura, pericardium, and mediastinal 
connective tissue are all fused or amalgamated into a dense, indurated 
fibrous tissue which, by extending downward along the diaphragm 
and the peritoneum, finally involves the liver, causing a cirrhosis. On 
the other hand, the myocardium and the heart-valves are apt to be 
implicated in the extension of the fibrosis inward, causing secondary 
degenerative changes in that organ, which soon tell on the gener^ 
circulation and lead to a fatal termination. Coneretio pericardii, or calci- 
fication of the pericardium, appears frequently as a phase of the same 
general fibroid process, generally recognised as m.ediastino-pericarditis. 

When the bands of adhesions are long, filamentous, and limited to 
small areas (partial synechue), they scarcely interfere with the heart’s 
action, and remain latent throughout life. On the other hand, when 
the adhesions are broad and dense and finally obliterate the pericardial 
cavity, they cause hypertrophy and dilatation and finally atrophic 
and degenerative changes, which lead to a clinical picture that is charac- 
teristic and invariably fatal. 

When complete cardiac symphysis (t. e., obliteration of the 
pericardial sac by adhesion) exists, it may be recognised in the 
more . charactoristic cases by the foUowing group of signs: Systolic 
retraction of the intercostal spaces at the apex-beat (agn of H^- 
Erqradg), rhythmic undulations of the thoracic walls (Sanders’ sign), 
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the rolling movement of the precordia (movetnent de roulu, or Jaccoud’s 
M gn ); fixed limit of the left border of cardiac dulness, indicating adhe- 
sion of the pericardium to the pleura (C. J. B. Williams’ sign), diastolic 
shock at apex, and diastolic collapse of the cervical veins (Friedrich’s 
sign); rh 3 rthmic retraction in the nmghborhood of the Seventh and 
twelfth ribs, posteriorly, on the left side, caused by traction on the 
diaphragm (Broadbent’s ragn) ; pidstts paradoxw, a small, feeble pulse- 
wave during inspiration (Kussmaul’s sign) ; fixed and immovable position 
of the axis of the heart in the respiratory movements. 

In connection with these physical signs all the clinical symptoms of 
exhaustion of the myocardium and cardiac insufficiency develop; pain, 
anxiety, precordial distress, edema of the extremities, ascites, enlarged 
liver, pulmonary stasis, edema of the lungs, dyspnea, cyanosis, 
arhythmia, and death from cardiac exhaustion. In children, when peri- 
cardial adhesions exist to the extent of producing a complete symphysis, 
a group of symptoms develops which have been recently described by 
an almost pathognomonic syndrome by Flesch and Schlossberger, of 
Bokay’s clinic, in Budapest, i. e., ascites with increased size of the 
liver; pufiiness of face; cyanosis of face and lobules of ears; very slight 
diminution in pulse-rate, and almost normal auscultatory condition of 
the heart — ^this they regard as an almost certain sign of the most 
frequent type of adhesive pericarditis in children. 

Treatment. — ^The only hope for patients of this kind lies in surgery. 
Delorme proposed to open the pericardium and break up the adhesions 
with the fingers or blunt scissors in order to liberate the organ when 
these were not universal or too dense. As these cases are not recognized 
until the secondary degenerative changes of the heart have taken place, 
it is evident that a pericardiotomy under these conditions would scarcely 
be tolerated without consequences; furthermore, the adhesions would 
necessarily be reproduced by the traumatism.’ A far better suggestion, 
at least, a safer one, is that offered by Brauer, of Marburg, under 
the name of cardiolysis. Reasoning on the basis that the systolic 
retraction of the chest-wall, by adhesions to the pericardium and heart, 
is obtmned at the expense of extra work impo^ upon the cardiac 
muscles, and since it is impossible to obtain a true cardiolysis (or, better, 
cardioschesis) by breaking up the adhesions, Brauer suggests that 
functional relief can be given the heart by removing the overlying and 
resbting osteocartilaginous wall in front of the pericardium. This 
object is to be obtained by excising the ribs and the periosteum from 
the sternal attachments of the cartilages to the anterior mammillaty 
or axillary line. This transforms the rigid precordia! region into a 
soft, yielding wall, which follows the movements of the heart without 
resistwce. Brauer’s operation was performed by Petersen and Simon, 
of Hddelberg, the results corresponffing to the expectatimis. Marked 
improven^t was observed in all 3 patients operate upon, 2 recovering 
and 1 dying, finally, from bronchopneumonia. The edmna, dyspnei^ 
cyanons, ascites, which existed in all 3 cases, subsided after the. op^Sr 
tion. PetMsen recommends that three riba be removed to. begin witi^ 
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the necessity of removing a portion of the sternum as well being sub- 
sequently determined by the condition of the patient. A subperiosteal 
resection will do (Koenig, Blauel), but the removal of the anterior periosr 
teal layer is preferable to prevent osseous regeneration. Although the 
operation in all 3 cases was performed to relieve adhesions caused by 
chronic mediastino-pericarditis, the same principle suggests itself as a 
valuable means of preventing the evil effects of the unavoidable adhe- 
sions which will follow in septic cases of cardiac traumatism or after 
prolonged drainage of the pericardium. Therefore, in making osteo- 
plastic flaps to gain access to the heart, when this is wounded, or in any 
other circumstances, the operator need not be so particular about the 
preservation of the osseous framework of the flap, but may with perfect 
propriety deem it his duty to remove all the bones as a simple prophy- 
lactic measure. 

Wounds of the Pericardium. — At one time it was believed that a 
wound of the pericardium without a simultaneous injury to the heart 
was almost impossible, and if it did happen in very exceptional instances, 
a fatal termination was inevitable. At the present time, with a large 
and accumulating experience in cardiac and pericardiac surgery, we 
have come to realize that the separate injury of the pericardium occurs 
with relative frequency, and that intrinsically the prognosis of such 
wounds is not worse than those of any other serous cavity, except for 
the complications that occur at the time and subsequent to the injury. 
Although the total number of recorded wounds of the pericardium 
exclusive of the heart is comparatively small, the literature shows, 
nevertheless, that any part of the serous sac may be involved — the 
anterior more often than the lateral surfaces, the posterior than the 
upper portion of the sac — the latter most fatal because the vascular 
trunks arc most exposed to injury — and at the base, where the dia- 
phragm may be perforated from above or from below through the 
abdomen. 

The dimensions and form of the pericardial wound correspond, in 
general, to the external wound. Sometimes the wounds appear smaller 
than they really are, and may escape observation unless the exam- 
inations are carefully made. In subcutaneous injuries the wound may 
be punctiform, caused by a sharp fragment or spicule of bone. “In 
all cases of rupture of the pericardium without lesion of the heart — ^in 
crushed and contused wounds of the chest — ^the rent has been of large 
size and has been accompanied by fractures of the ribs and sternum ” 
(Follin). Bennett records a notable exception to the rule. A painter, 
a^ twenty-two, fell on his shoulder and head, a distance of 30 feet; he 
died in less than two hours. The pericardial tear found at the autopsy 
was large enough to admit the hwd, and yet the heart was bruised only 
superficially and not ruptured. The chest-wall was uninjured. G. Fischer 
SoUMted 51 cases of injury of the pericardium from the literature, with 
22 recoveries. The statistics of Loison show a proportion of 66 per 
cent, of pericardial injuries without cardiac involvement in cases of pin 
or needle injuries; M.l per cent, in stab wounds; 12.2 per cent, in 
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gunshot wounds. In a study of thoracic wounds which were treated 
in his clinic, Borszcky noted that out of 42 praetrating stab wounds 
of the thorax, there was 1 cardiac and 1 pericardiac injury. In 89 
gunshot wounds of the thorax, he observed 1 of the pericardium and 
2 of the heart. In a study of gunshot wounds of the pericardium 
Eichel compiled 27 cases, of which 8 were uncomplicated pericardial 
wounds in which the isolated injury of the pericardium was confirmed 
4 times by the autopsy and 4 times at the operation. Of the 4 cases 
Operated upon, 3 made a perfect recovery. In 4 cases operated upon 
by Riedel, Koerte, Seydel, and Eichel, the pericardium alone, and not 
the heart, was found injured. 

Percutaneous injuries of the pericardium, without wound of the 
heart, are represented in the literature by a few isolated cases. When 
only a slight hemorrhage occurs after an injury of this kind, the natural 
tendency is to assume that the heart has escaped. On the other hand, 
it may happen that there is a severe . hemorrhage, demanding the 
enlargement of the wound and exposure of the heart, and that then 
no cardiac wound is discovered. The wound may, however, exist, 
escaping detection on account of its minute size. In a case described 
by Tassi, the bloody extravasation in the pericardium, which was dan- 
gerous enough to justify surgical interference, originated from a divided 
artery in the pericardium ” (Wcinlechner). Acting on the rule that, in 
the presence of a severe hemorrhage filling the pericardium, pericardi- 
otomy is indicated, the same author reports a case of injury of this kind 
without associated cardiac injury, in which he drained, with recovery. 

Foreign Bodies in the Pericardium. — ^The presence of foreign 
bodies in the wound complicated one out of every five cases of peri- 
cardial injury, according to Salomon!. Of these foreign bodies, the 
greater number are bullets, needles that h^ been swallowed per os, 
artificial dentures which had found their way into the pericardium by 
the esophageal route. In bullet injuries the missiles are usually found 
free or encysted in the sac; they either drop in the sac. or fall into the 
I»ricardium, after injuring the heart, as a result of muscular contrac- 
tion. While the presence of these bullets may give rise to a complex 
group of symptoms and signs, it may happen that a bullet will remain 
inert in a pericardial sac as long as fifty-two years without causing dis- 
turbancesi Such is the ease of the wounded soldier of Salamanca, 
quoted by Picqu4, who was shot in 1812 and died in 1864. At the 
autopsy a ball was found encysted in the pericardium. . Other cases 
of the same kind are reported by Malecot, MacDowell, Rokitansky, and 
other pathologists. Several bullets recovered from the perici^ium 
and the heart-wall itself, by direct operative intervention, are reckoned 
among the most brilliant surgical triumphs of the last decade. 

Suppurative pericarditis follows wounds inflicted with sofled 
weapons and infected foirign bodies. If any cases are on record, how- 
ever, in which healing has followed without infi^dn. Very <rftra> 
though not constantiy, plastic pti^ear^tis will ftilow e^ 
wounds, without, bowever,.aaa rii^ :d0vj|ioiMng R:od^^ 
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Fully 30 per cent, of all pericardial wounds recovered in the pre- 
antiseptic days. At present the mortality of uncomplicated pericardial 
wounds (very rare) should be very much less, in view of the greater 
care now taken to prevent infection. The outlook for recovery in 
every case must depend upon the associated complications, which 
almost invariably exist (apart from heart injuries, which we will con- 
sider separately), and also contribute to the gravity of these cases. 

Treatment,-— ^ee Injuries of the Heart. 
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SURGERY OF THE HEART. 

History. — 'The road to the heart ia only 2 or 3 cm. in length in a direct linoi 
but it has taken smgery nearly 2400 years to travel it” (Harry Sherman). The 
record of this long journey may be conveniently divided into four periods: 

First period: From Hippocrates and the ancients to Ambroise Par6 (1500-1590). 
This is the mystic and legendary period. Wounds of the heart were then regained 
as absolutely and necessarily fatal. No treatment was attempted. 

Second period: From Par6 to Geoige Fischer (1868). Wounds of the heart are 
no longer regarded as necessarily fatal. The causes of death are investigated. 
The pathologic anatomy and physiology of these wounds are studied. Some experi- 
mental work is done, and some treatment is attempted. This period culminates 
with the monumental monograph of Fischer, which summarizes all the knowledge 
obtainable up to that time, and exercises a more powerful influence than any other 
agency in preparing the surgical mind for the possibilities of cardiac surgery. 

Third period: From George Fischer to Farina (1806). This is the beginning 
of the experimental period, in whicli the tolerance of the heart to surgical manipula- 
tions and trauma is demonstrated by the experiments of Rosentlial, Bloch, Salomon!, 
Del Vecchio, Bonomi, and Martinotti (1888), Bode (1807), Elsbeig (1808), tt al. 
This period is merely a preparatory and short prelude to the great clinical epoch 
that follows. 

Fourth period: This is the surgical period, beginning with Farina’s first case of 
cardiorrhaphy in 1806, and continuing uninterruptedly and progressively to the 
present time. The road opened by Farina, (.'apellan, and Helm (1896) is rapidly 
followed by a hast of other operators, whose labors, up to January 1, 1007, swelled 
the list of the reported operations on the heart itself to 160 cases with 62 recoveries, 
a mortality of 43.83 per cent. (Salomon!). The heart has now become a suigica! 
organ, and is subjected to the same laws and technical procedures which govern the 
interventions of surgery in the treatment of the injuries and traumatisms of all 
the hollow viscera. At the end of a decade of operative experience in cardiac surgery 
sufficient material has accumulated to permit of the systematic study of the surgical 
lesions of tliis organ as seen in life — on the operating table, and not, as in the past, 
exclusively in the dead-house or in the experimental laboratory. The decade 
closes with one of the most legitimate and brilliant conquests of conservative surgery. 

The Sui^ical Topography of the Heart.— The heart lies in the 
middle mediastinal space, between the lungs. Its entire anterior sur- 
face is closely related to the anterior walls of the thorax. Together 
with the large vesseb, it is well protected by the manubrium and body 
of the sternum, as well as by the cartilages of the ribs from the third 
to the sixth, on the left side, and by a very small part of the third and 
fourth costal cartilages on the right. It is, therefore, proper, from the 
topographic point of Ariew, to refer to the sternal and chpndro-costal 
portions of the heart (Jamain). The sternum covers more than two- 
thirds of the right ventricle, right auricle, and a part of the left atrium 
auriculi, over which lie the aorta uid pulmonaiy artery. The chondro- 
stemid portion of the heart correspond to the tip of the right vdhtride, 
almost the entire left ventricle and left auricle. The topographic rdar 
tions between the heart and the perievdium and of the internal mam* 
nuny arteries, of great importance in emmeetion vdth heart wmnids, 
have been suffidentiy outlined in the description ot the peri^rdiuiii. 
While the outiine of the heart, as mapped out by topograplue 
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is quite variable, the differences between these descriptions are not of 
great importance from the practical point of view. Holden’s classic 
landmarks, which are in accord with the majority of anatomists, ^ 
answer the purpose of the clinician and surgeon quite satisfactorily. 

Rrdes.—{a) To define the base, draw a transverse line across the sternum, cor- 
responding with the upper border of the third costal cartilage; continue the line one- 
half inch to the right of the stonum and one inch to the left. (6) To find the apex, 
mark a point about two inches below the left nipple (male) and one inch to 
its sternal side. This point will usually be found between the fifth and sixth 
ribs, three and one-half inches from the middle line of the sternum, (c) The lower 
bor^, which lies on the central tendon of the diaphragm, is indicated by a line 
slightly curved downward, from the apex across the bottom of the sternum (stemo- 
xiphoid junction) as far as its right edge, (d) The right harder (formed by the 
right auricle) is outlined by continuing the last point upirtud from the rig^t stemo- 
xiphoid junction with an outward curve, so as to join the right end of the base, 
(e) To define the left border (formed by the left ventricle), draw a line curving to the 
left, not including the nipple, from the left end of the base line to the apex. 

The greater part of the heart lies within tlie left half of the chest; the only part 
which lies on the right of the stemiun is the right auricle. 

The anterior auriculoventricular groove, in which lies the left coro- 
nary artery, is indicated by a line (with convexity upward) extending 
from the right heart border to the left, crossing the midline of the 
sternum on a level with the lower border of the third cartilage. While, 
as a rule, the heart is wounded on its anterior surface, it must not be 
overlooked that it is not infrequently injured by weapons, missiles, etc., 
that penetrate posteriorly close to the vertebrd column. The auricles, 
especially the left, ate nearest the bodies of the vertebra;, and can be 
easily reached by a penetrating stab or puncture anywhere between the 
fourth dorsal vertebra and the spinous process of the eighth. These are 
the “ cardiac vertebne ” of C. Giacomini. The heart is likewise meposed 
to injury by attacks on the lateral aspects of the thorax, and by wounds 
which penetrate the abdominal walls upward and through the sub- 
phrenic space. 

Experimental Data and Hiyriopathology of the Wounded 
Heart. — ^The systematic and surgical study of cardiac wounds in the 
lower animals did not be^n until 1882, with the publication of the 
researches of Bloch, of Copenhagen. Bloch confirmed Morgagni’s early 
observations that cardiac wounds were well tolerated and that, when 
death took place, it occurred not only by the depletion of the vascular 
system, directly through the wounds which opened the heart chambers, 
but more often, as Morgagni had shown, by the compressive action of 
the blood on the heart as it was poured into the clos^ pericardial sac. 
As a result of his experiments, Bloch boldly proposed the suture of 
heart wounds as a surreal remedy, and successfully demonstrated its 
feambOity on the lower animals for the first time. Del Veeehio (1894), 
Salomoni (1896), Rehn (1897 and 1906), Bode (1896), Elsberg (1898), 
Wehr (1900), Sherman (1902), Villar (1902), Spangaro (1906-07), 
€k)bell (1907), Sauerbruch, Von Hackel (1907-^), and others not only 
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confirmed the early experiments showing the tolerance of the heart to 
traumatism and surgical manipulations, but contributed to the improve- 
ment of the technic of suture on the human subject, which was steadily 
gidning ground in the mean time. They also proved that the suture 
of heart wounds insures a much better and s^er healing than when 
these are allowed to heal spontaneously. Spangaro, of Padua, has 
recently analyzed the experimental evidence on this subject most thoiv 
oughly. Among other conclusions which will be referred to in dealing 
with the technic of heart suture, Spangaro summarizes the data 
obtained by experimentation as follows: 

(1) That the heart, though quite tolerant of manipulations and 
traumatic insults of various kinds, is sensitive to injury, the evil effect 
of which is soon manifested by the general circulation. 

. (2) In all cardiac injuries there arc three chief elements to be con- 
sidered: (a) The effect of the mere stimidation by contact or mechanical 
irritation, etc., on the cardiac muscle, (b) The effect of procedures or 
manipulations which merely obstruct the heart and prevent the filling 
and emptying of the heart chambers, and thus interfere with the 
coronaiy, the intracardiac, and the general circulation, (c) The 
effects of traumatisms which penetrate the heart-chambers, tap these 
cavities, and thus lower the blood tension by draining the tot^ mass 
of the circulating blood, leading to acute traumatic anemia. 

(.3) Any direct mechanical stimulation of short duration applied to 
the heart will invariably bring about a momentary arrest of the heart, 
which is quickly followed by a systolic contraction of compensatory 
intensity. If the stimulation is continued, the pulse is retarded, irreg- 
ular systolic contractions, arhythmia, and a slight fall in the blood- 
pressure are obtained. 

(4) All parts of the heart respond invariably and in the same 
characteristic manner to mechanierd irritation. The exhausting effect 
of the permanent irritation upon the heart will become more marked 
with the duration and intensity of the irritation. 

(5) Mechanical obstructions to the drculation of the blood in the 
cardiac chambers diminish the excursions of the heart muscle and its 
range of motion, create disorder in the cardiac cyde and peripheral 
pulse, and are followed by a general and rapid fall of the blood-pressure. 
Examples: Traction on the pericardium so as to displace the heart 
forward toward the wound; compression of the heart by grasping it in 
the hand; traction on the heart by pulling it sufficiently to dongate it; 
compresdng the heart against the edge of the wound in the chest-wall; 
pulling on it so as to dislocate it out of the thorax, and lifting it up so 
as to malm traction on the great vessds at the root of the heart, as in 
attempting to inspect the posterior surface; twisting it on its axis; 
compresdon of dt^ one or both vents cava at the atria, or of the aori- 
des. All these manipulations, so often oaUed for' in the emergmdes 
of cardiorrhaphy, act ipjurioudy on the genmal eireulation and lower 
the gmeral UcH^-ptessure proportionally to tiie dilation iuid <^^ 
pieteness of the cardiae obBtrueti<m thut’produced; . • 
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(6) The loss of blood caused by penetrating wounds of the heart 
HiTniniahftH the general arterial pressure proportionally to the rapidity 
and volume of the flow, and acts most injuriously by annuling the effect 
of the secondary compensatory systolic contraction in the effort to fill 
up the vascular tree. If the wound is large, death follows qiuekly from 
acute anemia of the brain and nerve-centers. 

(7) When progressive hemorrhage occurs into a closed pericardium 
(hemopericardium), a gradual interference with the heart action fol- 
lows, proportional to the increase in the intrapericardial pressure. The 
diastolic dilatation of the auricles and ventricles is interfered with, and 
the inflow of blood into the auricles and ventricles is prevented. The 
heart is thus strangulated, as it were, at its base. This is followed 
by a^progressive fall in the general arterial blood-pressure, a rise in the 
venous tension, and increasing rapidity, as well as emptiness of the 
peripheral pulse. This “heart compression” (Rehn), first described by 
Morgagni and subsequently insisted upon by E. Rose (1884), as “Hers- 
Tamponade,” is the moat frequent cause of death in heart injuries, 
and furnishes the clearest and most imperative indications for operative 
interference. 

Franyois Franck, by experimentH on dogs, determined that the auricles are 
compress^ as soon as the pressure on the pericardium exceeds the pressure in the 
large veins. Lagrolet, who confirmed this observation, also demonstrated that an 
animal with a cardiac wound dies more promptly when the pericardium is closed 
than when it is open and the blood is allowed to escape. There is no doubt that 
rapidly increasing heart pressure may kill very quickly, even before the pericar- 
dium has become much distended. In some cases 250 c.c. of blood pent up in 
the pericardium have proved sufficient (Rehn). On the other hand, if the 
wound is small and superficial and the heart pressure is slowly developed, it may 
prove in itself to have a salutaiy and life-saving effect by arresting the hemor- 
rhage. A number of these cases owe their recovery, no doubt, to this factor. It 
is wrong, however, to count upon such a fortunate event. Another hemorrhage 
follows as the hemostatic thrombus is washed away by the increasing vigor of the 
circulation, and the patient dies from heart-compression— unless relieved by art. 

(8) When intrapericardiac tension is relieved by tapping the peri- 
cardium and draining the pent-up blood, the arterial pressure rises 
instantly, the frequency of the pulse is diminished, cyanosis and venous 
turgescence disappear, and the rhythm of the heart is restored. 

(9) By suturing a penetrating heart wound, which has caused exsan- 
guination to the extent of extinguishing the carotid pulse, the blood- 
pressure and the peripheral pulse may be gradually restored; especially 
if artificial respiration is kept up. 

The Control of the Cardiac Circuktion.— Sur- 
gieal HenmUms ly DigiUil Cmnpremon . — In connection with the 
practicability of contre^ing arterial hemorrhage from the heart 
during the performance of suture Rehn (1907) reported several experi- 
ments performed by himself and others, which support his belief that 
temporary ischemia of the heart can absolutely obtained by cozn* 
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pressing the right venous atrium, i. e., the venss cavse at their entrance 
into the right auricle of the heart. In this way no blood could enter 
the heart, and the circulation would be entirely arrested while the com- 
pression lasted. However, the experimental evidence and also some of 
the clinical observations (Villar, Guinard) would seem to show that this 
procedure can be kept up for a few seconds — ^just long enough to allow 
the sutui'e of a heart wound — sufficiently long to arrest a hemorrhage 
which, if continued, will quickly extinguish life. Gottlieb repeated 
Rehn’s experiments and confirmed his conclusions: 

(1) That hemorrhage from any wound of the heart may be arrested by com- 
pression of the riglit auricle, or at least controlled by a partial compression sufficiently 
to permit the bloodless suture of the heart (Figs. 18 and 19). 

(3) Partial compression is practically tolerated by the dog’s heart up to four 
minutes, probably even longer; total compression, {)ositivcly up to one to one and 
one-half minutes; beyond that time, uncertain. Beyond a doubt, the human heart 
will prove far more tolerant of this procedure. In the dog the especial danger is 
in '^fibrillation" or irregular insufficient myocardial contraction, which is irremedi- 
able in the dog, and is only transitory in the rabbit and cat. 



Pi«. 18.<-CoHPiusfM»oN OF Rksht Hsart. 
Fibst Step (Sauerbruch). 

The right auricle at the entranee of th( 
gieat veins placed between tlie third and fourtl 
nngen. 


Pro, 19.— COMPRBBHION OF RlQHT HeART. 

Second Step (Sauerbruch). 

Heart held ready for suture by the thumb and 
index-finger. 


By compressing the superior and inferior venae cavae with soft 
clamps, Sauerbruch and Von Hacker, working on dogs in Sauerbruch’s 
chamber, found that almost complete ischemia of the heart could be 
obtained for ten minutes without fatal consequences. After ligature 
of the cavae alone, dogs die in four to twelve hours, with progressive 
lowering of the blood-pressure. 

Laewen and l^ewers (1908), in a research to determine the effect 
upon the eirculation and degree of tolerance of provisional ligation 
of the pulmonary artery and the aorta, while extracting thrombi and 
emboli from the _ pulmonary artery (IVenddenbiirg's ojperation), 
found that m rabbits the heut could Iw made to lesame its functions 
after six minutes of oontinuous comprsstion of these two arteries 
The brain showed much less ietirtahee then the heart to 
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of the iHchoTPia brought about by this procedure. It was found that 
beyond one minute of time it was unsafe to continue the joint com- 
pression of the pulmonary artery and the aorta. To obviate the 
dangers of permanent and irremediable damage to the brain, the 
compression of the aorta at least should be interrupted once a minute. 
These observers also noted that while compression of the right auricle 
or of the vena3 cave separately, as proposed by Rehn and Sauer- 
bruch, is well tolerated by the heart for as long as ten minutes, the 
brain was permanently damaged after nine minutes’ compression. 
Three and three-quarter minutes is the maximum time limit of 
ischemia that the brain and the heart will tolerate in rabbits with any 
degree of safety. 

Preservation of the Contractility of the Heart Muscle after Exclu- 
sion of the Circulation. — According to Tigerstaedt, the heart is not 
nearly so dependent upon its blood-supply as was formerly assumed. 
The circulation in the rabbit’s heart may be suspended during six min- 
utes, and yet the organ will recover. According to the same observer^ 
it is possible for a heart which has been excluded from the circulation 
for ten minutes and over to be brought to life again by blood trans- 
fusion. The length of time that the contractility of the heart is pre- 
served after death, or after detachment from the body — as recorded by 
recent experimental research — is marvelous. The excised heart of a rab- 
bit, which had been kept hanging in the laboratory for five days, was 
transfused with Locke’s solution and made to contract sufficiently to 
give tracings 2.5 mm. high (Lock and Rosenheim, 1905). 

Kuliabko (1902) established an artificial circulation in a rabbit’s 
heart which had been removed from the body. It was kept at a tem- 
perature of 40° C. and showed regular contractions. After a half-hour 
it was placed in. an ice-chest for eighteen hours, when the experiment 
was repeated, and after less than half a minute the heart recovered its 
rhythmic contractions, these beginning at the openings of the vense cavs. 
The movements then extended to the right ventricle, but not to the left; 
in four and one-half hours the pulsations ceased. Kuliabko also took the 
heart of an infant three months old who had died of double pneumonia. 
Twenty hours after death the heart was removed from the body and 
Locke’s fluid used. The heart remained still at first; after twenty min- 
utes feeble peripheral contractions began, which later extended to the 
ventricles, and finally the entire heart began to pulsate, and continued 
to do so for more than an hour. He has repeated this experiment 
thirty hours after death with human hearts. Velich (1603) was unable 
to obtain contractions of the heart after the organ had been frozen 
in salt solution for twenty-four hours. 

Experimental Valvular Cardiac Leilone in Living Animali.— The technical 
ddll exhibited by modem phyeiologiBte, patbologistB, and other laboratoiy workera 
in the production of these delicate and highly spedalised lenons, without immediately 
“fatal consequence to the animal, is an object lesson on the tolerance of the heart for 
trauma which should not he overlooked by the {wactical surgeon. Not only are 
lesions of individual valves or parts of valves obtained without Immediately fatal 
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results, but the survival of the animal is sufficient to permit a careful study of the 
primary and secondary disturbances in the mechanism of the circulation which 
closely imitate the same phenomena caused by cardio-vascular disease in man. 
Obstructive and regurgitant lesions of the aortic, pulmonary, mitral, and tricuspid 
valves, and septal lesions imitating congenital deficiencies can now be systematically 
produced in the laboratory by methods and instruments which have been well 
specialized by experimental operators. The educational value of such demonstrar 
tions when scientifically conducted in training the futtire clinician is inestimable. 
This lias been clearly shown in this country by W. G. MacCaUum, who has adopted 
the experimental method in teaching pathologic physiology. 

Though the surgeon may not be able to profit immediately by these brilliant 
laboratory accomplishments in cardio-valvular surgery, they have for him at least 
a twofold interest: namely, they show that with proper methods of hemostasis and 
comparatively simple teclmic successful intracardiac surgery (in the auriculo- 
ventricular chambers) is possible; and that the {lOMsibility of correcting valvular 
defects of pathologic origin, such as mitral stenosis or insufficiency, as suggested long 
ago by Lauder Bnmton, is not such a chimera as many have supposed. 

The readers interested in these methods and technic will find numerous references 
in the Index Medicus, including the contributions mentioned in the papers of Mac- 
Callum and v. llaecker. 

Causes of Sudden Arrest of Heart Action in Certain Traumatisms. — 

The sudden, almost instantaneous and fatal, arrest of the heart’s 
movements occasionally observed when punctured or other wounds 
are inflicted on the heart, especially when the upper interventricular 
or left atrioventricular regions are involved, have been a fruitful 
source of experimental investigation and physiologic speculation. 
In these cases neither the extent of the trauma nor the amount of 
hemorrhage are sufficient to account for the sudden death. The 
regim involved in the trauma, often a mere puncture, appears to be 
more closely related to the causation of the phenomenon than any 
other known factor. However, experimental evidence on this point 
is, contradictory. 

The supposed Kronecker-Schmey center was called upon for an 
explanation of this noteworthy phenomenon; a sudden arrest of 
the heart sometimes occurring in animal experimentation after 
injury of this supposed center. A number of physiologists, 
without denying the fact that interference with peripheral con- 
traction of the heart and serious motor disturbances followed 
injury in the spot indicated by Kronecker ( 1884 ), doubted the exist- 
ence of the Kronecker center, whereas others apparently confirmed it 
by their experiments, but so far no cases have been recorded in which 
an injury to the corresponding part of the heart in man produced a sud- 
den arrest. According to the modem myogenetic theory of the heart-beat, 
the heart continues to work automatically even after it has been severed 
from all its connections and isolated from all outside nerves. According 
to this theory, it is difficult to expliun the sudden arrest of the heart. 
The most plausible explanation in this connection would seem to be the 
inhibition of the heaH movements caused by injury to the auriculo- 
ventricular muscular bundle of Hia (^'GaskeH’s bridge,” Keith), which 
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conducts motor impulaes from the auricles to the ventricles. Quite 
recently Erlanger (1906) positively demonstrated that the compression 
of this bundle is sufficient to bring about the phenomenon of “heart 
block,” in which the ailriculo-ventricular movements of the heart 
become entirdy dissociated; and when the injury is sufficiently 
severe, .as Kronecker and Mills proved (1884) in connection with their 
supposed center, the ordinary ventricular contractions are arrested 
and a “fibrillar action” — a sort of incodklinated movement of the 
muscle-fibers— takes place which is absolutely ineffective in expelling 
any blood from the organ. It would, therefore, be quite possible that 
accidental injuries to this bundle may be followed by immediately 
fatal cardiac disturbances. Whether we call it the Kronecker-Schmey 
center or the muscular bundle of His does not matter for our particular 
purpose. The fact remains that, on a level with the auriculo-ventric- 
ular groove, there is a small area in the heart which controls the 
rhythmic movements of the organ, which will cause fatal disturbances 
when permanently injured. 

Sudden deaths in injuries of the heart have also been accounted for 
by reflex action. Afferent impulses would be transmitted from the heart 
to the medulla and sent back by the pneuniogastric. Whatever may be 
the mechanism by which the sudden arrest of the heart takes place, 
it is a fact, nevertheless, that must be clinically reckoned with. In the 
course of operations on the heart iq man, on a few occasions, the heart 
has stopped suddenly and finally in systole; and in experimental work 
the same phenomenon is recorded as occurring quite suddenly and 
inexplicably. Every-day clinical experience teaches that sudden 
paralysis of the heart may occur refiexly under the most variable con- 
ditions, especially in psychic excitement of all kinds, as the result of 
so-called mental shock. Surgeons are particularly familiar with the 
fact that shock and myocardial weakness or par^ysis are intimately 
associated; that certain traumatisms (blows on the testis, on the epigas- 
trium, thorax, larynx, spermatic cord) are followed by sudden arrest 
of the heart’s action, in which exhaustion of the vasomotor center in 
the medulla appears to be primarily at fault (Crile, 1899; Ehrenroth, . 
Maschke, 1904). Why should not traumatism directly applied to the 
heart be also capable of occasionally inducing a sudden arrest of its 
function? As clinicians we must, therefore, bear in mind the fact that 
tl^ fulminating death in connection with heart injuries most commonly 
oraurs as the effect of severe indirect violence in which there is great 
shock; it is leira frequent in gunshot injuries, and exceptional in punc- 
tured and indsed wounds. From the practical point of view, as Bor- 
chardt says, it is entirely indifferent whether death results in these cases 
instantaneously by way of the reflexes, or whether it takes place at the 
end of seconds or minutes only, as the result of hemorrhage or of the 
mechanical break-up in the heart. When the patient drops dead or dies 
in a few minutes after injury he is simply inaccessiUe to any form of 
treatmmit. Fortunatdy, however, these cases are rare. 

myocardial wqmdt may cause death by direct hemorrh^ 
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from the vascular heart muscle (the blood flowing externally) , by ^rpcal 
ftnamift, or by producing heart compression in a closed pericardium. 

PeneUrating Wounds.— The effect of these wounds varies with the sise 
of the wound and its character (iacerated, punctured, stub, or gunshot) ; 
with the thickness of the ventricle at the site of the injury; the presence 
or absence of trabecular columns carnete; papillary muscles, which 
help to arrest the flow of blood; the direction, whether oblique, straight, 
irregular, or tortuous. 

Wounds of the Venlrides. — In equality of conditions wounds of the 
I right ventricle bleed more profusely and are, therefore, more dangerous 
I than those of the left ventricle, l>ecause of the greater thickness and 
; greater size of the columns carnes in the left ventricle, which favor 
; thrombus formation. On the other hand, wounds of the left ventricle 
i blce<l intermittently with each systolic contraction, the blood-stream 
: Ising ejected with great force from the wound, even at a distance from 
the chest-wall, with each contraction. In the right ventricle the flow 
is almost continuous. 

IFounds of the Auricles. — ^These wounds are regarded by all experi- 
menters and clinicians as more dangerous than those of the ventricles, 
because the auricles are thinner walled, possess less contractility, and 
less tendency, therefore, to hemostatic thrombus formation. 

Wounds of the interventrieidar sefdiitn oie not so dangerous per se as 
. those which open the cavities, provided they are not complicated by 
’ wounds of the coronary arteries. 

As a i-ule, large caniiac wounds do not tend to close spontaneously; 
the)' gape wi<lely, and even have a tendency to increase in size (Bode). 

In recent penetrating heart injuries, hemorrhagic and seroflbrinous 
exudates froni consecutive pericarrlitis are almost invariably present, 
even in the most aseptic cases. There is always some blood-clot in 
the pericardium. In non-penetrating wounds the seat of the injury 
is covered by a layer of fibrinous exudation of variable thickness, accord- 
ing to the extent and character of the traumatism. Adheuons usually 
form quite early between the epicardium and the parietal layer of the 
serosa; in penetrating wounds the tendency to obliterative adhesions 
is most marked. These adhesions arc partly due to the organization 
of the bloody extravasation in the sac, but more often to a secondary 
complicating pericarditis. Extensive adhesions often form without 
inflammatory signs or characteristic manifestations (Ewald, Payr). 
The adhesions may be strictly limited to the area of the wound it^f, 
or to the entire pericardid sac. Occaaonally the process may continue 
as a progressive sclerogenic and diffused connective-tissue proliferation, 
which is described in the section on Mediastinopericarditis. This con- 
dition is attended with all the evil effects on the nutrition and the func- 
tion of the heart previously described in referring to the indications for 
cardiolysis. Usuidly the extent and thickness of the adhesionB mh pro- 
portional to tlm degree and duration of the primary infection, and u'e 
always worse in the pyogenic infections. Tbey are ielativdy insignifir 
cant in the aseptic cases. 

▼ot-v— 4.'' 
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When the larger branches of the coronary arteries are involved in 
the traumatism, secondary myocardial degeneration may be expected, 
though this did not occur in the cases of Capellen and Pagenstecher, 
in which large primary branches gf the coronaries were ligated with no 
secondary degenerative effects upon the heart muscle. Lesions of the 
endocardial surface — endocarditis, valvular disturbances, stenosis, 
and insufficiency, from direct injury to the valves or the chordse tendinis, 
— occasionally occur, and leave the patient with the characteristic 
symptomatic and ph]rsical manifestations of these defects. In other 
cases in which perforation of the ventricular or auricular septa occurs, 
permanent communications or fistuls remain between opposite cardiac 
chambers, which in every way imitate the conditions of the con^nital 
defects cordis) which transform the ordinary mammalian into 

a reptilian type of circulation. In recent wounds of the heart natural 
hemostasis is obtained, as in other vascular injuries, by the formation 
of a provisional obturating thrombus which may plug the wound for 
a variable time after the injury. As the obturating effect of the pri- 
mary clot passes away and the arterial tension increases, the dot may 
be washed away by the slightest exertion (cough, straining at stool, 
sitting up in bed), and thus death may occur within the first week after 
the injury while the patient is apparently doing well. Loison reports 
9 such cases. 

In other more favorable wounds, especially of the yentrides, the 
thrombus remains and organizes, but here recovery is also* uncertain, de- 
pending largdy upon the extent and character of the wound. In larger 
woun^ the tract is only partially closed by scar tissue. A rdativdy thin 
dcatrix obturates the external or epicardial opening, while the remaining 
part of the woimd tract persists as an open space connected with the 
heart chambers, filled with blood, and lined within by endothelium of 
endocardial origin. This partial cicatrization is followed by a gradual 
distention of the indastic connective tissue, which yidds to the blood- 
pressure and gradually devdops into a sacculated false cardiac aneurism. 
These pouches rupture sometimes quite early, with fatal effect. In 
others early rupture is prevented by the formation of dense adbe eions 
which unite the heart to the pericardium at the seat of injury. The 
most favorable termination that can occur in unaided natural repair is 
the obliteration of the wound tract with a connective-tissue plug. 
True m 3 rocardial regeneration is largdy prevented in the unsutured 
cases by the ^ater size of the organized thrombus which fills the wound 
tract. Therefore the dcatrix in a spontaneoudy healed wound remains 
u a locus minoris resiMen^, which is always a menace to the patient’s 
life. On the other hand, it has been clearly shown by Bonomi, Mariotti, 
and Elsberg, that heart wounds, when properiy approximated by suture, 
heal by true myocardial regeneration, and with a minimum of con- 
nective-tisswY proliferation. Hence the advantage of suturing heart 
wounds, which, if socpessfully performed, insure a more permanent 
recovery— free from the histologic weaknesses and physioio^c dis- 
advanta^ which attend large scar formations. 
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General Etiol^, Classification, Localization, and Character 
of Cardiac Injuries. — The heart is subject to traumatisms of all 
kinds. Wounds of this organ which are susceptible of surgical treat- 
ment, and which are sometimes capable of spontaneous cure, are pro- 
duced by two kinds of traumatism: (1) By the penetration of the 
vulnerating body through one or more of the heart-walls; (2) by 
contusions and crushing injuries which lead to the rupture or lacerap 
tion of the organ. 

The so-called spontaneous I'uplwes or pathologic perforations 
caused by degenerative or other anatomic changes in the heart-wall 
embrace a large category of cases, the rupture constituting a terminal 
or complicating phase of myocardial disease in which fatty and fibroid 
degeneration from coronary lesions, infectious infarcts, ruptured 
aneurismal dilatations, are the fundamental features. No operative 
treatment has thus far been recorded for the relief of this class of cases. 
Surreal intervention is theoretically indicated in their treatment, as 
in the spontaneous or pathologic perforations of the hollow viscera 
elsewhere in the body, but the pathologic conditions which underlie 
the spontaneous ruptures of the heart are of such a character and 
occur in such forbidding general conditions that no operative inters 
vention can usually be regarded as practicable. 

With Fischer, wounds of the heart may be etiologically classified 
into punctured, incised, contused, crushed, and gunshot, all of which 
may be subdivided into penetrating and perforating. Again, some of 
them, may be divided into direct and indirect; also into external or 
extrinsic and internal or intrinsic, as in the group of lesions considered 
under the spontaneous ruptures or perforations. 

Fischer, in his great classic, collected 401 cases of heart injuries, 
which he gathered from the remotest antiquity to his own time. -Loison 
collected 277 additional cases in 1897, and Salomon!, in 1901, added 45 
more: the total of all three summing up 723 wounds not operated on. 
In Fischer’s group the relative frequency of these wounds is given as 
follows: Punctured wounds with pointed weapons, 11.3 per cent.; -by 
pointed and cutting weapops (stabs), 66.6 per cent.; by firearms, 21 
per coit. Loison, in 1899, in a total of ^3 cardiac injuries, found 
that 49.3 per cent, were gunshot wounds, 40 per cent, stab wounds, 
and 10.3 per cent, punctured wounds. 

In the latest classified statistics of heart injuries operated upon, com- 
piled by Rehn at the meeting of the German Surgical ^ciety, April, 1907, 
we find that 109 were punctured or stab wounds and 15 gunshot wounds, 
or about 12 per cent. This small percentage of gunshot wounds in the 
operative cases is identical with the statistical of Lenormant, 
who, in 128. operative cases from all sources, finds reported only 16 
gunshot wounds. This difference in the relative preponderance of the 
gunshot to other wounds in the non-operated and operated group is 
explained by Loison, who says, that one-third of the gunshot patients 
succumb immediately or within the first hour after the injury, and 
in this way pve no opportunity for surgical interventum. 
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Injury of the heart by “impaling” is also recorded (Borchardt). 
Under the peculiar circumstances of this brutal violence complicated and 
very grave lesions are produced. Heart wounds caused by fish-bones, 
bone fragments, and foreign bodies introduced through the esophagus 
have also been recorded. 

Some of the most extensive and frightful injuries are caused by 
indirect crushing violence, as when the heart is compressed or jammed 
between the chest-wall by a grinding weight or two opposing forces, 
as between the bumpers of railway cars, kicks from iron-shod hoofs, 
falb from great heights, ruix-over accidents, railroad crushes, etc. 
The heart may suffer the gravest injuries under these circumstances 
without a visible external wound. More often there are fractures of 
the ribs, sternum, or other parts of the thorax. In other cases the heart 
is only secondarily injured by a stray fragment of ribs or bone which 
has been forced against it, as in a recent case reported by Travers 
(Lancet, September, 1906), in which a laceration in the heart produced 
by a fractured rib was successfully sutured. The gravest indirect 
injuries of this class are those in wldch the heart is literally tom and 
detached at its root — ^the heart, in fact, has been known to be violently 
ejected at a distance from the chest wound, entirely severed from all 
its vascular connections. Bernstein (1905) reports 8 cases of this class. 

Localization of Penetrating Heart Wounds; their Relative 
Frequency and Effects. — ^There is a statistical difference in the rela- 
tive frequency of the parts involved according to the source of the sta- 
tistics, from post-mortem records or from surgical operations. Accord- 
ing to G. Fischer, whose statistics are based entirely upon necropsies, 
39.2 per cent, involve the right ventricle; 34.4 per cent., the left ventricle; 
and 8.7 per cent., the right auricle. Oliver, in 61 observations, found that 
the right ventricle was involved in 47.5 per cent.; the left ventricle, in 
19.6 per cent.; the two ventricles, in 44.7 per cent. Zannetti, in a 
study of 125 cases, states the proportion to be 35.2 per cent, for the 
right ventricle; 23.2 per cent, for the left ventricle; and 10.4 per cent, 
for the right auricle. Loison’s statistics in the main confirm these older 
figures and show that gunshot wounds injure the right ventricle only 
one-half as often as the left. In this way they differ from stab and 
punctured wounds, which involve more often the right ventricle^ the 
right auricle, and the interventricular groove. 

The statistics of the cases operated upon differ from the preceding, 
showing that the ventricle is involved more often than the right, pro^ 
ably because wounds of the left ventricle are more favorable and per- 
mit of a longer survival than those of the right side. Thus Rehn, in the 
. latest comf^ation, reports that in 124 sutured cases the woimd involved 
the left ventricle in 55 (with 45 per coxt. recoveries), and the right 
ventricle in 50 (with 32 p^r crat. recoveries). The left amide was 
involved ui 3 (with 2 recoveries) ; the right auricle in 4 (with 2 recoveries). 
In one .case tte septum was wounded without involving the ventrides; 
^11. cases the localisation of the wound was not mentioned. Lenor- 
laanjrV collection of 128 cases, published in September, 1906, — ^which 
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includes those previously tabulated by Guibal (1905), Borchardt (1006), 
Spangaro (1606), Tschemiachowsky (1606), — agree with Salomoni’s 
figures and Rehh’s later figures in showing the greater frequency, and 
benignity as well, of left ventricular injuries in the cases that survived 
long enough to undergo cardiorrhaphy. Those of the left ventricle 
include 58 wounds, with 44.8 per cent, recoveries; of the right ventricle, 
49 cases, with 28.5 per cent, recoveries; 5 apex wounds yielded 2 recov- 
eries; the right auricle, 3 cases and 1 death; the left auricle, 3 cases and 
1 death. The wounds of the auricles are entirely too few to justify 
conclusions. That they are more frequently fatal cannot be doubted. 
All wounds of the auricle involving the septum or the pulmonary artery 
(once sutured by Mauclaire) ended fatally. 

Symptomatology and Diagnosis of Heart Wounds.— There is 
no pathognomonic sign by which a wound of the heart can be absolutely 
and unequivocally diagnosed. There are, however, groups of signs and 
symptoms which, when combined with the history of the case, the seat 
and direction of the wound, or the probable range and track of the missile, 
if it is a gunshot wound, make the diagnosis practically certain and 
unmistakable. 

It is not surprising, in view of the numerous complications that 
are associated with these injuries and the many fallacies that underlie 
the interpretation of the symptoms and physical signs, that the diagnosis 
should be beset with difficulties in so many cases. 

When a needle or fragment of a weapon is seen sticking in the chest- 
wall, moving synchronously with the heart, or, as is impressingly 
described by Homer (Paget): 


“ He fell; the apear mint quivering in his heart. 
Which, with convulsive throbbing shook the shaft.”’ 


Or when the heart is freely exposed in a large wound of the chest with 
a stream of frothy blood pouring out of it (Kdrte); or when a wound is 
large enough to admit the aseptic finger of the examiner, which may, 
in some cases, be readily introduced directly into the pericardiuin, and 
not only feel the heart, but actually plug a bleeding wound in the heart 
itself (Longo, Giordano), then the diagnosis is self-evident. On the 
other hand, and quite frequently, the gravity of the symptoms is 
entirdy out of proportion to that of the wound, so that a comparatively 
trifling wound may be accompanied by the most formidable symptoms; 
so deceptive, in fact, that in at least two cases experienced operators 
(Giordano, Sorrentino) have opened the pericardium to find that the 
heart was uninjured. At other times the outward appearances are re- 
markably reassuring, while the actual lesions are mrceedingly grave 
and alarming to the careful observer. 

Even when the external evidences of heart injury are not so apparent 
the diagnosis usually can be made with great certainty except in 
the extieme cases previously inferred ta It is a common experi- 
ence that wounds inflicted in or about the piecordium, in the left-parsr 
sternal region, by diarp-pointed weapons or a bullet entering at a 
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distance from the heart, the vulnerating body will penetrate without 
causing much external bleeding; even a stab wound or knife-thrust of 
considerable size will not bleed profusely, or be associated with great 
spurts or pools of blood if the external thoracic wound and that of the 
pericardium fail to come in apposition. Under these circumstances the 
bleeding will be concealed internally and the diagnostician will have to 
depend upon combined signs and symptoms which can hardly be misin- 
terpreted. These are: (1) The signs of internal hemorrhage or acute suiv 
gical anemia; (2) the symptom-complex of heart compression or heart 
tamponade (Morgagni-Rose s 3 mdrome), and the phy»cal signs of pro- 
gressive hemopericardium; (3) physical or auscultatory signs of heart 
injury; (4) the physical and rational ugns of intrapleural hemorrhage. 

In nearly 50 per cent, of heart wounds the immediate effect of the 
injury is to produce unconsciousness, either through psychic or traumatic 
shock, from which the patient may rally, to develop promptly character- 
istic signs of internal hemorrh^ and vascular deletion. Some, on the 
other hand, retaining full consciousness, will walk or run some ^stance 
or otherwise exert themselves even violently after a perforating injury, 
and then drop as if fulminated; others may retain consciousness 
and lucidity of mind until recovery or death. After a temporary 
rally, whenever the lesion is such as to permit of provisional hemostasis 
by clotting in the heart wound, the hemorrhage will return with the 
improvement of the circulation and the consequent displacement of the 
clot. If the blood finds no outlet from the pericm'^um, externally 
or into the pleura, then the signs and symptoms of heart compression 
will appear progressively in direct proportion to the quantity of blood 
entering the pericardium. The “Herz-tamponade” then begins, and 
is indicated by the signs of venous retardation and increased tension of 
the venous system, due to compression of the auricles. Physical exami- 
nation at this junction will reveal a rapid increase of the normal area 
of cardiac dulness which, assuming the characteristic triangular form 
of a distended hemopericardium, will soon displace the diaphragm 
downward and stretch laterally far toward the nipple-lines and high up 
to the level of the second cartilage. At the same time the apex-beat will 
be felt less distinctly and the heart-sounds will become distant, muffled, 
confused, and finally inaudible. In the mean time the perenstent and 
increasing Venous obstruction by compression of the auricles of the 
heart will show itself symptomatically by the lividity of the face, cyano- 
sis, bulging, 'engorged and even pulsating jugulars and other superficial 
veins. There will be dyspnea, rapid, shallow, labored respiration, and 
edema of the lungs, showing the blockade in the pulmonary vans; and 
a progressive steady drop in the arterial tension shown by a rapid, small, 
thready, compresable pulse, which will stop altogether if the surgeon 
is not promptiy on the scene to deetmpren the heart by freely opening 
pr tapping ^ pericardium. 

WMe the paramount importance and clinical significance of heart 
compression and acute hemopericardium are to be borne in mind as 
indications for immediate interference, it is abo important not to over- 
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look the fact that an acute hemorrhage into the pericardium does not 
necessarily mean that the bleeding is from the heart itself. An injury 
to the internal mammary vessels opening into the pericardium; bleeding 
from an injured pericardial vessel; a bleeding coronary or a puncture 
of the aorta, pulmonary artery, or any of the great vessels at the 
root of the heart, within the pericardial sac, may all fill up the peri> 
cardium, and, after distending it, cause the symptoms of heart tam- 
ponade. The importance in value of the Morgagni-Rose 83mdrome in 
the diagnosis is, therefore, simply as an indication for immediate surreal 
action, which will permit of a more positive diagnosis of the exact 
lesion after the exploration. 

When the pleura and the lung are both involved in the heart injury, 
the blood will escape from the pericardium into the pleura, and there 
will be no heart compression; then, if air gains admission into the peri- 
cardium, as well as into the pleura, tympanitic resonance will take the 
place of the triangular area of dulness, which is so diagnostic of peri- 
cardial hemorrhage. In this way the entire picture of heart injury 
will be obscured and blurred by the pleuro-pulmonary signs, and the 
attention of even the most careful observer may be erroneously trans- 
ferred from the heart to the lungs and pleura. Even under these circum- 
stances a careful examination of the heart-sounds will suggest that 
serious cardiac lesions have been inflicted. The normal heart-sounds 
will be accompanied by strange “bruits,” such as the “water-wheel” 
or “mill-wheel” bruits, “splashing,” “whistling,” “gurgling,” and 
aneurismal sounds will also be heard, suggesting the abnormal formation 
of eddies in the heart and the churning of air and fluid in the pericardium. 
Again, as Nietert has observed in cases in which hemothorax is pro- 
gressing, the intermittent spurt of blood from the heart into the pleural 
cavity may be accompanied by a splashing sound eminently suggestive 
of the flow of fluid into a hollow cavity. This bruit can be present only 
when pneumothorax is associated with the pleural perforation. Again, 
the occurrence of severe vomiting with abnormal muscular tension and 
reflex rigidity of the epigastrium has repeatedly led to a mistaken 
diagnosis of abdominal injury (Rassieur, Guibal, Marion). This 
reflex rigidity is as characteristic of acute lesions of the supraphrenic 
as it is of the subphrenic areas. 

While it is Mways desirable and important to make as accurate a 
diagnosis of the seat of the heart injury as possible, the surgeon 
can afford to act without the absolute certainty of heart injury 
in the presence of urgent symptoms calling for an exjfloring 
pericardiotomy. We believe that, in the thorax, as in the abdo- 
men, when there is doubt, exploratory oporations are perfectly justifi- 
able (especially with the improved tec^e of exploratory pericardi- 
otomy) in the imsMice of such i^mptoms. If there is a wound of the 
precor^s or parastwnal r^on, bleeding so profuse that fatal ^eyncope 
fit>m acute vascular depletion follow if it is not stoiqMd, the surgeon 
should proceed to the immediate exfdoration of the wound after thorough 
aseptic precautions have bem-tal^ The wound should be enlarged 
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freely in the interspace that is involved and the hemorrhage followed 
to its source, wherever this may be. By the simple intercostal inci- 
sion of Spangaro a large opening may be rapidly made which will 
permit the pericardium, pleura, lung, and heart not only to be exposed, 
but also to be treated. On the other hand, if there is no parasternal 
wound, as often happens in gunshot cases, and there is decided evidence 
of hemo-pneumo-pericardium or of progressive hemothorax with heart 
signs, or if the still more important signs of heart compression are evident, 
there should be no delay in opening the chest and reaching the heart 
as quickly as possible. 

To sum up; visible external hemorrhage, hidden or concealed 
hemorrhage, and, above all, signs of heart compression, call for imme- 
diate aeploratory thoracotomy by the methods described in the section 
on Treatment. Nietert, who operated upon 4 cases of penetrating 
wounds of the pericardium in which there was bleeding into the sac, 
with a coincident wound of the pleura, noticed that, in all his cases, 
the characteristic splashing sound was present. He believes that, when 
the pericardium is closed, this sound cannot be produced; that it is, 
therefore, of differential diagnostic value in cases of cardio-pericardial 
injury associated with pleural perforation. 

A point of some interest is mentioned by Boraymowski, and Tscher- 
niachowsld, who both noticed that in the two patients operated upon 
for heart injury by them the radial pulse was absent on the left side. 
This peculiarity, which was not easily explmned, if not a coincidence, 
may prove to be a valuable diagnostic sign. 

The z-rays are of relatively little practical value in the more urgent 
class of cases; patients with bleeding heart wounds are in no condition 
to undergo radiographic examination. Only when foreign bodies 
(needles, bullets, etc.) are present or suspected will it be advantageous 
to subject the patients to z-ray, fluoroscopic, or radiographic examinar 
tions. When it has been decid^ that the extraction of a foreign body 
is necessary, then the z-rays are indispensable in definitely localizing the 
foreign body. Then it is that special ^vantages may be obtained by the 
use of the compass of Gontremoulins, which was so helpful to Tuffier in 
his comparatively recent case of extraction of a bullet which had become 
encysted on the surface of the right auricle. This group of cases (foreign 
bodies) usually presents no urgent symptoms and the patients can be ex- 
amined deliberately and leisurely. 

Here we^ave considered the more urgent indications which apply 
to all classes of heart injury regardless of causation. The extraction 
of foreign bodies can be considered with more deliberation, as will be 
seen in the sections devoted to these subjects. 

Clinical Career* Complications, and Terminations of Heart 
Wound8.-^The clinical career and termination of cardiac injuries, when 
allowed to pursue thdr natural course without operative intervention, is 
extremely variable. The cases may be divided, as Borchardt sugge^, 
into three groups: The first group is represent^ by the grota trauma- 
.^jpms'eaui^ by orufdiing and grinding injuries, run-over aeddents, 
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falls from great heights, explosive effects of bullets, etc., in which the 
heart is tom and dratroyed en mam. It includes also all cases in 
which death is instantaneous from shock or other direct nerve influence. 
Of these victims, Riedmger says: “They do not die, they are dead" 
before any assistance can be rendered. The second group includes those 
patients who survive their injuries a few hours or a few days. These 
are the cases in which hemorrhage — concealed hemorrhage into the peri- 
cardium and into the pleura — splays the leading part, and which 
furnish the largest contingent of operative cases. These are the 
cases of penetrating or perforating wounds — punctured, stab, and 
gunshot — ^in which heart compression or progressive anemia demand 
the greatest attention in order to perform opportunely a prompt inter- 
vention, which is necessary to prevent inevitable death. The great 
majority of cardiac injuries belong to the second group. The third 
group is formed by the small number of patients who apparently survive 
their injuries, who, after going through a critical period of great doubt 
and uncertainty, in which the issue remains doubtful for days and 
weeks, Anally recover. However, even in these apparent recoveries, 
death may come on suddenly and when least expected, owing to secon- 
dary hemorrhage into the pericardium caused by the displacement of 
imperfectly organized clot or the yielding of the cicatrix in the wound. 

In addition to the danger of secondary hemorrhage into the peri- 
cardium from imperfect cicatrization, other grave dangers threaten 
the patients. Death may occur from the migration of emboU into 
the pulmonary artery when the right auricle or ventricle is involved; 
to the brain, causing hemiplegia, and to other organs, when the left 
auricle or ventricle is injur^. The secondary complications from dis- 
turbed action, injury to valves, cardiac aneurisms, persistent arterio- 
venous fistulse, by perforation of the septal walls and pericardial adhe- 
sions, remain more or less as permanent disabilities. The presence of 
foreign bodies or the migration of bullets are merely mentioned 
here as contributors to the general impmrment of heart function which 
follows these injuries. Finally, the most formidable complication .which 
the patient has to face, after surviving the immediate effects of the pri- 
mary injury, is infection, introduced into the tissues with the vulnerat- 
ing body. As a consequence, pericarditis of various degrees of virulence 
may follow with extensive adhesions; myocarditis, coronary infarcts 
with secondary degeneration of the heart muscle, radocarditis, em- 
pyema and chronic pneumothorax, are among the complications which 
tend to make the post-traumatic history of these patients most un- 
certain and precarious. 

Treatment of Heart Wounds.— The rational treatment of heart 
wounds is entirely a modem achievement. “Up to the dghteenth 
century very little, indeed, was done for the unfortunate patient. The 
external wound was closed, and the patient was packed in ice. The 
chest was surrounded with a rampart of iee-bags, the room was cooled 
off ))dow zeit>, if possible, and whenever this was not feasible in summer, 
the patient was transferrql io the cellar.’' This {woceduie, which 



68 


BUBGEBY OF THE VASCULAR SYSTEM. 


somewhat suggests the modem preservation of cadavers, was not only 
serioiisly proposed, but actually carried out (Borchardt). 

When Rose demonstrated the correctness of Morgagni’s explanation 
of the cause of death and impressed the surgical world with his vivid 
interpretation of the symptoms of heart compression, venesection was 
added to the routine methods of palliation, vis., cold to the pericardium, 
absolute mental and bodily rest, moderate stimulation with alcoholics, 
and the use of opium or morphin h3rpodermically, which is still one of the 
best auxiliaries of the surgeon in relieving pain and shock. Sub- 
sequently, the far more rational plan of relieving the heart compres- 
sion by direct tapping of the pericardium was adopted, and in this 
way many cases of hemopericardium caused by small wounds or per- 
forations were successfully tided over, while permanent hemostasis 
was obtained by the organization of. the provisional thrombus in the 
wound. At present there is still an opportunity for the palliative or 
expectant treatment in some cases — in which there is a combination of 
mild symptoms with a doubt and uncertiunty in the diagnosis, the symp- 
toms not being urgent enough even to justify an exploratory pericardi- 
otomy. On the other hand, there can be no hesitation or doubt as to 
the surgeon’s attitude, however, when the symptoms are grave, pro- 
gressively more imperative, and menacing. ’Then the call to operate is 
mandatory and must be heeded if life is to be saved. 

The Operative Treatment of Cardiac Wounds. — ^This may be 
considered under the following headings: 

(a) Thoracotomy, by which an opening is made into the thorax. 

(b) Treatment of coincident injuries of the pleura and the lung. 

(c) Opening of the pericardium. 

(d) Cardiorrhaphy, or suture of the heart wound. 

(e) Drfunage of the pleura and of the pericardium. 

(/) The post-operative treatment. 

Thoracotomy. — One of the most striking evidences of the pro- 
found interest aroused in the last decade in the surgery of the heart, 
and also of the almost incredible devdopments of this new department 
of surgery, is offered by the bewildering multitude of procedures and 
their mo^fications that have been suggested to obtain access to the 
pericardial cavity and the heart. This multiplicity of methods is char- 
acteristic of the formative period of any department of technical 
knowledge in which the crucial test of experience is only of recent 
acquisition, and as to which definite judgment has not yet crystallized. 
What are wanted are a few fundamental principles and a limited num- 
ber of practical suggestions and methods which iUustrate the resources 
of the modem technic. 

The vast majority of the procedures which open the thorax with a 
view to exposing this perica^um and the heart have bem grouped 
in the precordM repon, between the left edge of the sternum and tho' 
left nipple-line, extendmg above to the second and below to the 
seventh rib. These are desigaated as the l^t parasUarmil methods, which 
may agaih be subdivided as follows: 
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(I) (1) Simple intercostal incisions which do not involve the 
skeleton of the thorax and include only the soft parts. 
Usually these are associated with secondary divisions 
of the costal cartilages at the chondrosternd junction. 

(2) Thoracotomy with excision of the costal cartilages and 

ribs. 

(3) Osteoplastic resections or solid trap-door flaps, which 

contain sections of cartilages and ribs. These again 
may be subdivided into those in which the flaps fold on 
a horizontal line upward, with trap-doors wMch open 
downward; with double trap-doors which open up and 
down; with vertical hinges which fold over toward the 
sternum, or outward toward the mammary line. 

(II) The second group involves the sternum exclusively (thoracot- 
omy by the sternal route; temporary osteoplastic resection, 
Fontan; partial sternectomy, Morestin; Cantas). 

(III) A still smaller group — ^the right parasternal region, to the 

right of the sternum. 

(IV) Lastly, the transdiaphragmatic or abdomino-diaphragmatic 

route, via the peritoneum, mentioned chiefly to meet the 
historic requirements of classification. 

In addition, the procedures may also be considered from the point 
of view of involvement of the pleura, by dividing them into two groups, 
the transpleural and the extrapleural methods. All the osteoplastic 
methods, trap-doors, etc., are necessarily of the transpleural type; 
the extrapleural methods are few, and are best represented by the 
Kocher, SanduUi, and Lorenz operations. (For full details, consult the 
monographic works and articles of Terrier-Reymond, Salomon!, Guibal, 
Borchardt, Wendel, and Rehn, referred to in the Bibliography.) 

The rapidly increasing experience in this field of surgery accounts 
for the growing tendency displayed by the most thoughtful writers 
toward greater economy in the operative work, a greater simplicity in 
the technic, and a marked indisposition to adopt the “typical” trans- 
pleural or osteoplastic resections, especially in the absence of a posi- 
tive diagnosis. The demand is for a simple preliminary exploratory 
operation that will permit an investigation of the pericardium and of 
t^ heart, without the addition of a pleural perforation. This simple 
preliminaty exploration is necessary in order to determine positively: 
(1) the existence or non-existence of a heart wound; (2) the part of 
the heart that is injured; and (3) the associated complications or 
injuries. In this way the piindplee now governing inteaperitoneal 
explorations in uncertain and doubtful abdominal cases will be similaiiy 
applied to the pericardial serosa and its contained organs. 

MeOnoda of Ejection . — All operable cases of heart injuly resolve 
themselves into two great groups: 

Group i.—rSuapeetA or coses, eaUing for expkmUary paieard^ 

cbmy. In these the heart lesion is only suspected or diagnosticated witii- 
out the suggestive aid of an pxtemal wound in tto antmior thmade 



60 


BUBGERV OF THE VASCULAR SYSTEM. 


re^on or in the immediate precordia. This occurs more often in gunshot 
wounds in which the bullet has penetrated the thorax at a distance from 
the heart (lateral, posterior, and upper thoracic regions, abdomen); in 
indirect injuries, when sharp bodies penetrate through the esophagus, 
and in ruptures from indirect violence, falls, etc. In this group of cases 
the surgeon must proceed, in the presence of the physical and rational 
signs of heart injury, especially heart compression, by the most direct 
route consistent with two conditions: (1) That no complications 
shall follow (pneumothorax) if the exploration proves negative; (2) that 
it shall permit a free exposure of the heart and pericardium by merely 
extending the lines of the preliminary exploratory incision. 

These requirements are met 
quite satisfactorily by any of the 
incisions recommended for peri- 
cardiotomy which radiate from the 
left lower chondrostcmol angle, 
immediately over Voinitch's safe 
triangle or interpleural space; 
namely, the left edge of the sternum, 
including the attachments of the fifth, 
sixth, and seventh Uft costal carti- 
lages. Several “typical” proced- 
ures have been described which 
meet all the requirements of an ex- 
ploratory pericardiotomy, differing 
very little from each other ex- 
cept in the costal cartilage that is 
selected for excision os the initial 
of entrance into the thorax. 

»BvaNTH coHTAb OAKTiLAaioB. No scrious accideiit can befall a cau- 

. «». jjQyg operator who selects either the 

or seventh costal carti- 
tropo*^ by Koeher (lecB), lage as his initial point of attack, 
d by Minti ( 1904 ), B«hn provided he adheres closely to the 
perichondrium and makes his way 
into the mediastinum by a process of enucleation or shelling of the . 
cartUage or bone without injuring the soft parts until the firm, fibrous 
pericardium is felt and exposed. After the removal of the cartilage 
it is easy to make more space by gnawing a fenestrum out of the left 
edge of the sternum with a rongeur. Therefore, either of the routes 
shown in the accompanying diagram (Fig. 20) will be considered 
safe for an exploratory pericardiotomy. Slight preference is giyen^ 
to Kocher’s (sixth cartilage) or Ollier's procedure (fifth cartOi^ge), 
because they are not only safe lu far as the pleura is concerned, but 
they are further from the diaphragm than the seventh cortilage.- 
It will be noticed that while I give the preference to the lower sternal 
or parasternal route for draining purulent pericardial accumulations 
(as these' drain the pericardium in its most dependent portion), i 
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prefer the costal resections at the left lower chondrostemal angle for 
exploratory purposes in suspected heart injuries and in relieving 
traumatic hemopericardium. This route is preferred because it per- 
mits of easy extension in an upward or lateral direction (in accord- 
ance with the suggestion of Durante or Spangaro) should a wound 
of the heart be confirmed and a cardiorrhaphy be required. 

Kocher’s Method , — “An angular incision is made, the one limb 
passing down the middle line of the sternum, the other running out- 
ward along the sixth left costal cartilage. The periosteum of the 
sternum and the perichondrium of the sixth left costal cartilage are 
stripped back along with the pectoralis major until the elevator can 
be passed behind the costal cartilage, which is then divided with 
forceps close to the sternum, and, if necessary, including a bite of 
this bone. In the lower and outer part of the incision the attach- 
ments of the pectoralis major and the rectus abdominis are separated 
along the upper b«)rder of the sixth rib. The cartilage is stripped of 

all the overlying soft parts. The — 

triangularis sterni is then ex- 
posed, with the internal mam- 
mary vessels lying on it. The 
tendinous attachments of this 
muscle to the sternum and the 
sixth costal cartilage are carefully 
divided, and the internal mam- 
mary ailery and vein arc ligated 
if the branches going toward the 
middle line arc well developed. ' 

By passing the finger into the 
cavity left by the removal of the 
sixth rib the tough, glistening 
pericardium can be reached. If 
necessar}', the pericardium can 
now be punctured or incised, fio. si. — Shows tbh appbabanch or' tbi 

mt,,, WoHN» *»TB» AhOPTIMO TH« DolUIlTIC K - 

The edge of the pleura, distin- bbawd Extbnbion w a Cash or Hwu- 
^ished by the pad of fat cover- pshwtbatiho woohb. (From 

ing it. is pushed aside by the The pericardium and the heart are freely ex- 

finger and raised from the peri- 
cardium. The intercostal muscle, •”*>*• 

along with the internal mammary vessels, is pushed aside with the pleura, 
as, according to Delorme and Mignon, it is firmly adherent to it. If a 
gush of blood flows from a wound in the pericardium, thus confirming the 
diagnosis of cardiac injury, the finger may be introduced so as to explore 
the heart itsdf and ascerttun, if possible, the position of the wound. 
The persistent flow of blood from the pericardium will justify an imme- 
diate enlargement of the thoracic fenestrum by dividing the fifth and even 
the fourth or third cartilages, which are carefully raised at their sternal 
attachments. At the same time the pleura is stripped bMk frmn 
their under surfaces; unlesh tiiis is done carefully, the pleura is fiable 
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to be tom. In this way the three costal cartilages and the muscle 
attached to them are thrown upward, and, by wrenching the cartilages 
from their attachments to the ribs, they can be folded backward as 
one chondroplastic flap. By dividing the pericardium along the edge 
of the sternum and outward along the line of the fifth intercostal space 
the heart can be inspected and pupated from the auricles down to the 
apex” (Kocher, 1903). If more room is required, it is easy to enlarge 
the space by supplementing the vertical by a transverse intercostal 
incision, which can be carried out toward the mammary line as far as 
may be necessary. In this waiy a double triangular flap is obtained, 
with the apices meeting at the point of intersection (Durante’s pro- 
cedure, Fig. 21). This space is again increased by vigorously retract- 
p — - -- iug the flaps and ribs upward to- 

' ^ ward the clavicle, and the lower 

^||^^^^^||^^^n|K|i||||||||^ flap downward toward the ab- 


Rekn (1007) modifies Kocher’s in- 
cision as follows (Fig. 22): A curved 
incision is made to follow the lower 
margin of the seventh left rib, about 
6 cm. in length, toward the base of 
the ensiform process, passing obliquely 
around it. The edge of the sternum 
and tlie adjoining seventh costal carti- 
lage arc removed with rongeur forceps, 
the sixth costal cartilage being resected 
also if necessary. By working upward 
with the finger under the sternum, in- 
jury to the peritoneum is also avoided. 

Fig. 22.- "Hbiin'b Modification or Kociisa's u w nojav fhon nnnn fhA 

Exploratory Pbricardiotomy. U nim “ extremely easy tften to open ttie 

Belin.) pericardium and to inspect its con- 

tents. The edges of the pericardial 

levd of the skin; a lunaU oming is made and the wound are caught in the bite of forceps 

edges of tbie iaoision are hdd apart by the tDree , , ua. jm x 

clamps as shown in the figure. Th» operation brought readily tO the surface, 

to bo preferred in all catwa in which the ooinoi- f hov mov hn atifunwl f ha 

dent perfomtioR of the pleuiaii doubtful. ^ suturea to tlie 

pectoral aponeurosis or even the skin 
if permanent drainage is decided upon.. If the perica^iotomy reveals a wound of 
the heart which is not accessible by this exploratory incision, the incision can be 
prolonged upwaird along the edge of the sternum and outward along the sixth 
interspace toward the mammary line foming a triangular flap, which can be readily 
elevated by retraction in the manner described in the paragraph on Kocher’s incision 
or Spangaro’s method. 


GUier^a operaHm (1801) reaches the perioardium by resecting the fifth costal 
cartilage. It Was independently advocated and adopted in this country by G. B. 
Porter, whose admirable contributions have made this route more familiar and ac- 
oeptable to .^eriean suigeODB than any other. ^*An incision is made from the middle 
of the stemiun outward over the fifth costal cartilage to its junction with the rib. 
The soft parts are olwed from the cartilage with periosteum rievator, care briiig 
taken not to wound the pleura on the under surface. The cartilage Is removed with 
boneforo^. ftemamouuy artery and vein are thus exposed, ligated In two places, 
¥ . ■■■■■■■' 
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and divided. A little careful dicaection with the director, in case fat is encountered, 
expoMc the pericardium, which ia normally much thicker than the pleura.” 

In adopting any of the procedures above descnbed for exploratory 
purposes, the operator can readily attain his object by applying the 
muscle-splitting principle of McBumey. A vertical incision, which 
will permit the division of the left rectus muscle in the line of cleavage 
of its fibers, is then made. This will permit the resection of the 
cartilages and of the sternum, allow drainage to be established, etc., 
without weakening the abdominal wall, as is the case when the initial 
incision is made transversely and parallel with the costal arch. 

Group II . — ^In this group of cases a bleeding wound in the pre- 
cordial or parasternal region (60 per cent, of the cases) already ex- 
ists. This furnishes a direct guide to the heart, confirms the diagnosis 
of injury of this organ, especially when the outpour of foaming blood, 
a cropitating subcutaneous emphysema, as well as the physical and 
rationa signs, suggest plainly that the pleura has been perforated in 
addition to. the cardiac injury (80 per cent, of the cases). For these 
cases the intercostal incision, recommended and systematize by 
Spangaro, of Padua (1006), is best suited to meet the require- 
ments. Spangaro originally devised and planne this simple 
method independently of Durante’s original suggestion, as also of 
Mikulicz and Sauerbruch (1005), who applie it to reach the esophagus 
in the posterolateral region of the thorax. It has received the emphatic 
approval of Salomon! at the Congress of Italian surgeons of 1006, and 
of Behn at the German Surgical Society, April, 1007, and has proved 
most satisfactory in actual practice in the hands of Wilms, who 
applied it independently, without previous knowledge of Spangaro’s 
publication. This method is so simple that it is surprising it 
should not have been thought of long ago. It entirely supple- 
ments all previous methods, and is to be recognized as the method 
of election in all cases in which there is an external wound in the 
precordia to guide the surgeon to the pericardium. With other pre- 
cautions, as Rehn suggests, it may be utilized also as a typical proced- 
ure when the oripnal wound is situated at a distance from the precordia, 
by bepnning the operation with an incision in the fifth left intercostal 
space. Ordin^y, whoi the external woimd lies near the sternum, 
the wound is merely enlarged and followed downward taj^e pleura in 
the middle of the intercostal space, to avoid the intsfl^tal vessels. 
If perforation of the pleura is confirmed by the presence of air or blood 
in the cavity, the incision is carried at once into the pleural cavity, and is 
continued horizontally along the intercostal space to a point 2 cm. from 
the left margin of the sternum, where the intmnal mammary veasds. are 
^posed. These ate divided between two ligatures, and the incinon 
is carried through the whde thickness of the interspace to the left edge, 
of the sternum. Tie inimoh, dways m the interspaM, may be pro- 
long outward as far as derir^, being rardy requhc^ b^Tond the 
anterior axillary border. By fordbly retractmg the ribs with , the' 
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fingers in the incision, the interspace can be enlarged sufficiently to 
obtun a good view of the pericardium, heart, pleura, and lung; by 
merely dividing the cartilage at the chondro-stemal joint, immediately 



Pro. 23. — Spanoaro'h Intkrcohtal IncibioN'*-Pbricardii/m Expobeu. 


above or below the intercostal incision, the retraction of the ribs will be 
immensely facilitated and a large view of the heart and pericardium will 
be obtained, sufficient usually for all manipulations on the apex or 



Fio. 34.— Spanoaw’b iNtwioonAL Inoihqii— FaMCAauiVM Oranao. 


ventricles of the heart. If more space is required to reach the auri cl es 
or posterior surface of the heart at the base, the simple division of the 
cartilages at the etemo-chondral junction up to the second cartilage 
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above or to the sixth below will amply suffice to meet all requirements; 
if for some extraordinary and very exceptional reasons still more space 
should be required toward the right, the intercostal incision can be pro- 
longed horizontally over the sternum and this bone divided either with the 
Gigli saw or bit away by the rongeur, after carefully stripping back the 
periosteum and the margin of the right pleura. This will permit, by its 
retraction and elevation, and by resection, if need be, a still larger in- 
crease of space. However, this necessity will scarcely ever arise. It is 
readily understood that the motility and elasticity of the ribs will permit 
of an enormous retraction and widening of the intercostal spaces after the 
chondro-sternal joints have been divided at the sternal end of the inci- 
sion. (See Fig. 25.) Furthermore, it is easy, in any event, to luxate the 
costal cartilages outward toward the 
mammary line should a wider out- 
ward space be required, Wilms, 
in reporting his case in which two 
wounds of the heart were sutured, — 
one about the middle of the left ven- 
tricle anteriorly and the other at the 
same level posteriorly, — states that 
suture of the posterior wound could 
never have been accomplished by 
a typical osteoplastic method unless 
the sternum had l)een divided on the 
same level and a section of it turned 



out as a trap-door. As it was, 
Wilms succeeded perfectly in ex- 
peditiously accomplishing his pur- 
pose by making a long intercostal 
incision in the fifth intercostal 
space. In addition to the heart 
wounds, a wound in the lung was also 
sutured through the same incision. 
The patient made an uninterrupted 


FlO. 25. — DlAGBAIi TO tiHOW How THE 

SpaNGAKO iNTEBOOflTAL InCZHION CAN 

BE Amplified by Making a Chondbo- 

BTEBNAL DiBABTICULATlON. 

This converts the sinmle Intercostal 
indsioD into a horisontal T, as Durante, 
Kehn, and others have suggested. Bv for- 
cibly retracting the sternal ani^ of the In* 
cision, all the space required to expose the 
pericardium and heart can be obtained. 
When the interspaces are narrow and the 
cartilages and joints are ossified, this modifi- 
cation may be espedally advantageous. Tlie 
mark X indicates the theoretical popition of 
a wound in the preoordia. 


recovery. Through the fenestrum created by Spsngaro’s intercostal 
incision the hand of the operator can enter freely into the chest and 


explore its contents. Furthermore, the diaphragm, lungs, and deeper 


recesses of the cavity can be explored visually by direct or electric 
illumination. 


To sum up this discussion on the route of access to the heart and 
pericardium by thoracotomy, we arrive at the following conclusions: 

(I) In all cases of doubtfid diagnosis, in which there is no cortainty 
that the pleura has been opened, in which there is no pneumothorax, 
end in which there is no wound in the parasternal or precordial regions 
which could bp enlarged for exploratory purposes, ad(^t the Eocher ' 
operation or one of the same type, as previously desciiled. 

(il) When the existence of pneumothorme is made certain by the 
ph3rrical rigns or by the q>peaFaace of an ext^al wound iii the jmcor- 


vou V— 5 
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dial or parasternal region, and the fact of the perforation of the pleura 
is confirmed by the exploration of the external wound, the quickest 
and safest route to the pericardium and the heart is by Spangaro’s 
intercostal incision just described. 

Treatment of Aeeodaled Pleuroptdmonary Lesions . — The need of 
protecting the pleura from accidental injury has been sufficiently 
insisted upon not to require repetition; unfortunately, in over 80 per 
cent, of all cases the pleura is opened by the vulnerating body, and 
pneumothorax, to a greater or less extent, already exists when the 
surgeon is called upon to operate. If the lung is injured coincidentally 
and this is discovered while the heart is being exposed, the lung injury, 
if it is not bleeding profusely, may be disregarded until the work on the 
. heart is completed. But if the lung is bleeding freely, temporary 
hemostasis should be obtained by gently clamping the bleeding surface 
with broad oval or triangular clamps. 

In extensive injuries of the anterior thoracic region and in the 
course of operations by the sternal route to the heart both pleural sacs 
may be opened, and in this way an acute double pneumothorax may 
occur with almost immediately fatal effect. In these desperate cir- 
cumstances, as well as in the cases in which the sudden rush of air 
collapses the lung on one side and asphyxia is threatened, artificial 
respiration may be kept up rhythmically with the Fell-O'Dwyer appa- 
ratus until the operation is completed, both pleura) being closed. After 
the thoracic wound is sutured the pneumothorax may be relieved by 
aspiration, as suggested by Delagenidre. 

While it is a fact tliat in none of the cases of cardiorrhaphy thus far reported 
artificial means of inflating the collapsed lung have been applied, and repeated suc- 
cesses have been obtained in spite of respiratory disturbances, there can be no 
doubt that mechanical means of maintaining the respiratory rhythm, when the pleura 
is opened, would prove of the greatest utility in many instances if judiciously applied. 

Sauerbruch and Haecker, who have most recently studied the effect of artificial 
respiration in the treatment of heart wounds, complicated with pneumothorax, 
attribute much of their success, wliile operating on animals, to the help obtained in 
regulating tlie expansion of the lung while the animals were kept in Sauerbruch’s 
cliambcr. They observe that hemorrtiages from heart wounds are very materially 
lessened by the coincident collapse of the lung caused by the inrush of air when the 
thorax is opened. Therefore, the primary collapse of the lung is desirable in the first 
stage of the of^ration until the heart wound is sutured. After this, the pneumo- 
thorax is harmfid and dangerous, as the vigor of the heart's action diminisliea and the 
blood-pressure falls progressively with the persistent failure of the respiration as 
long as the collapse of the lung continues. 

As soon as the respiratory function is re-established by artificial means, the 
heart’s action improves and the systematic blood-pressure returns. 

The general conclusion reached is that artificial respiration with mechanical 
. contrivances (whether on the minus pressure” principle, Sauerbnich's chamber, 
or the **plu8 pressure” principle, Brauer, Meyer, Fell, O’Dwyer, Dc^n, Matas 
Smyth pump. Green’s, Robinson’s, etc.) is not required or may even prove injurious 
in the tot singe of thoracotomy and during the act of suturing the heart; but this 

decided value in the terminal stages of the operation, when the respiration and 
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circulation both begin to fail, and when it is neoessary to obliterate the pleural space 
niade vacant by the coDapee of the lung. 


More serious even than the pneumothorax is the danger of the 
simultaneous infection of the pericardium and the pleura, due to 
neglected asepsis during the hurry of the operation, or from primary 
infection introduced by the weapon into the wound, this last cause 
being less important as a factor in the problem thain the first. Pleuro- 
pericardial infection is the most serious obstacle to permanent success 
in cardiac surgery, and justly demands the most scrupulous care on the 
part of the surgeon in his antiseptic preparation. 

Opening of the Pericardial Sac. — ^The sac may have been opened 
already by the weapon, leaving very little blood in the pericardial 
cavity, the hemorrhage finding an exit externally or into the medias- 
tinum or pleura. More often the pericardium will be found distended, 
holding the blood that flows from the heart in spite of a small perfora- 
tion or opening which is perhaps temporarily blocked by a dot or 
by the heart itself. It is always best to open the pericardium freely 
t^ughout its long axis, from the levd of the apex to the base, so 
that the bleeding wound may be quickly reached by the hand of the 
operator. The edges of the incision are then seized with long-handled 
hemostats, by which the free edges of the pericardium are pulled out 
to the levd of the external wound, thus making the heart more access- 
ible. When the pericardium is tightly distended, the immediate relief 
of tension brought about by the escape of the pent-up blood will at 
once improve the heart’s action, and a favorable change in the general 
circulation will follow. The patient is' then likdy to become sensitive, 
to recover some consdousness, and it may be necessary to anesthetize 
him to keep him under control. If there has been no heart compression 
and the heart is comparativdy still from shock and depletion, it may be 
easy to recognize the wound at once. More often the heart’s action is 
violent and tumultuous, and the field of the operation is dduged with 
blood which gushes out in intermittent streams, spurting sometim'es 
beyond the wound in the thorax or folding up into a mass of froth which 
pours out of the external wound in large quantities. This is especially 
true of the cases complicated with a large opening in the pleura, which 
allows the dr to rush in and out of the thorax with each respiratory 
movement and mix with the blood, the heart churning and lashing it 
into a thick crimson foam which entirely envdops the organ and hides 
it from the view of the operator. This was my own experience in 
a case operated on in the Charity Hospital of New Orleans in 1897. 
(See Bibliography.) In these imposing circumstances it is inqjosdble to 
see the wound, much less attem]^ to suture it. Sponpng or mopping 
is worse than nsdess. There is but one alternative. The opei;sptor 
must then resolutdy do one of two things: he must thrust his fingers 
into the pericardial sac through the swirl of blood and endeavor to 
locate the wound by palpating with his fingers, and then plugging it 
with the finger-tips, if be finds it; or he must graq> the heart with bia 
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whole hand and drag the bleeding and writhing organ massively out 
to the thoracic wound, where, by gradually relaxing his grasp, the seat 
of the hemorrhage will be certainly identified^ and the suture can be 
readily applied. Rehn has proved experimentally that the most 
effective way of obtmning hemostasis for the few seconds required 
to suture the wound is by grasping the root of the heart on a level with 
the right auricle and compressing the vense cavse at their entrance 
into the auricle. (See Experimental Data, and the Physiopathology 
of the Wounded Heart, p. 42.) This compression can be kept up 
continuously or intermittently long enough, and is less injurious than 
the violent massive compression and traction of the organ to which 
some operators have found it necessary to resort in order to stop 
the flood of blood. In the presence of profuse hemorrhage in the 
pericardium it is the duty of the operator to inspect the entire surface 
of the heart up to the roots of the great vessels to make sure that he 
has secured the bleeding point. Failure to do this and the assumption, 
without proof, that the hemon'hage may come from other sources, 
has led several operators to overlook the real cause of the bleeding, leav- 
ing the patients unrelieved by the intervention. 

Cardiorrhaphy. — As a general principle, all wounds of the heart 
of sufiicient gravity to call for exploratory thoracotomy should be 
sutured (Guibal). It must be remembered that incomplete wounds 
which do not perforate the walls of the heart may enlarge and finally 
perforate under endocardial pressure. A few happy cases in which 
wounds of the heart terminated by recovery, without suture, after 
they have been exposed, are recorded. On the other hand, there are 
cases in which the failure to suture the wound after the heart has been 
exposed by operation has ended in death from secondary hemorrhage. 

In suturing woimds of the heart which bleed profus^y provisional 
hemostasis must be secured; the heart must be steadied and immobilized 
as much as may be compatible with its function, and a good suture tech- 
nic must be adopted. Provisional hemostasis may be obtmed by digital 
obturation of the wound, as above described. Ninni controlled a hemor- 
rhage by plugging the wound with the little finger of his left hand, while 
he used his right to enlarge the thoracic opening. Bullet forceps or clamps 
of any sort should never be used as tractors, because they are liable to 
tear the myocardium and lacerate the edges of the wound. The better 
plan is Jto hold the heart by the apex and pull it up gently until it is 
brought to the external wound, where it can be seen or sutur^. Guinard 
recommends that the heart be seized over the left ventricle; this gives 
a much better hold than the right ventricle, and, by placing the thumb 
of the left hand over the anterior interventricular septum, the index- 
finger over the thick edge of the left ventricle, and the middle finger 
under ^he apex, the heart, which otherwise would slip away easily, will 
not escape the operator’s grip and can be brought safely to the 

’ The reader win find the moat graphic account of the thriUing droumctanoea 
in whidi this procedure may become necessary in Ouinard’s extremely interesting 
r^lkort of his pwscmal mqpmienee with a heart wound of this kind. 
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surface for suture. In dealing with wounds of the posterior surface 
and at the base it may be necessary to lift up the heart by its apex 
and turn it upward so as to expose the posterior surface (Launay), 
or partially to twist the heart on its axis from right to left (Bougie). 

By the maneuver so graphically described by Guinard the tumultuous 
movements of the heart are largdy controlled and hemostasis is at once 
obtained. The digital method of fixation is far preferable to any of the 
various methods of holding the heart that have been tried and recom- 
mended, such as pulling on the apex with forceps; traction with a loop 
of thread passed through the apex (Spangaro), etc. It is impor- 
tant that the wound be well exposed and brought near enough to the - 
surface for a deliberate suture. A curved, round intestinal needle or a 
milliner’s straight needle, held in a light but firm holder, should be used. 
The majority of operators in Europe have used silk; latterly, the tend- 
ency has been to use chromic gut more often. However, one death is 
attributed to the loosening of catgut sutures (Schoenbom). According 
to Goebell’s recent and extensive experiments on heart sutui'e to test 
the repair of these wounds, antiseptic silk is to be preferred, as it appears 
to leave a firmer and more resistant cicatrix. 

In passing the suture a considerable margin of the myocardium 
should be taken, the needle penetrating through the thickness of the 
muscular wall down to the endocardium, but not through it, the point 
of the needle being again introduced at the very edge of the endocardium, 
so that when the suture is tied, the thread will not appear inside of the 
heart chamber. The suture should be applied to the heart in accordance 
with the principles which govern arteriorrhaphy as applied to the large 
vessels. Several operators have passed through-and-through sutures 
(Guinard,^, Gibbon, Fontan, et of.), and their patients have escaped the 
dangers of embolism and thromtosis (except Fontan’s), which may be 
apprehended when the thread is expos^ in the heart cavity in 
contact with the blood. When the sutures are nicely approximated, 
however, even when they perforate the entire thickness of the heart wall, 
they are not likely to appear in contact with the blood, and, by brin^g 
the endocardial serose in firm and perfect apposition, there will be little 
if any danger of thrombosis or embolism. Sometimes thrombi form 
in the ventricle on a level with the wound without perforating sutures. 

The introduction of the first suture is the most important step in 
the process. After this has been passed, the edges of the wound are 
well steadied by gentle traction upon the thread after the knot has been 
tied. While the heart is steadi^ by the hand, which also holds the 
long end of the first suture, the other sutures can be passed either con- 
tinuously or as interrupted sutures at a short distance apart, to secure 
close approximation and total obliteration of the wound. 

There is still contiderable discussion as to whether the continuous or 
interrupted sutures shopld be used; the majority thus far havepreferred 
the mterrupted sutures, as showing less tendency to myocardial necrosis 
than the continuoiis sutures (Elsberg). It is argued against the con- 
tinuous suture line that iS. ^sini^e thread cuts through, t& mtiie suture 
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will be a failure. This question will have to be decided largely by 
the individual preference of the operator, who should adopt that mode 
of suture with which he is most familiar and which can be most con- 
veniently applied at the time. In several cases the myocardium has 
appeared to be particularly friable, or the sutures have been drawn 
too tightly, and in consequence the threads have cut through, leaving 
a ragged edge. Great care should be exercised in every case to tie the 
knots gently, and with just the amount of force required to obtain a 
dose approximation. This is particularly true when tying knots on a 
violently agitated heart, which is contracting spasmodically every few 
seconds. If the suture tears through, it may transform a dmple longi- 
tudinal slit into a cruciform tear, which it will be impossible to approxi- 
mate again by sutures. This is one of the most deplorable of calamities, 
because after the wound has been lacerated in this way by repeated 
attempts to suture it, there is very little prospect of closing the gap 
before the patient will bleed to death (Walker’s case). It is possible 
that in such desperate struts the lacerated edges of the wound may 
be excised and the raw surfaces brought together with mattress sutures, 
as has been done with some degree of success in the experimental 
excisions of the heart in the lower, animals. Usually from one to five 
interrupted sutures have been sufficient to seal the cardiac wounds. 

Drainage of the Pericardium and Pleura. — As the most frequent 
cause of failure after cardiorrhaphy, infection of the pericardium or 
pleura, or of both together (septic pericardio-pleuritis), causing fully 
45.4 per cent, of the deaths, according to Guib^’s very careful study, 
it is evident that the efforts of the surgeons are at present very justly 
centered upon determining the best means of avoiding this fatal com- 
plication. In the peritoneal cavity the indications for and against 
drainage have been fairly well defined after a very long and warm 
wrangle; but the line of action is not so well drawn as to the pericardium 
and the pleura. In trying to solve this problem from statistical exper- 
ience, Guibal (1905) reports that, in 66 eases of his collection, the 
suture of the pericardium and pleura without drainage has been done 
only 10 times; in 8 of these both the pericardium and pleura had been 
opened. Two of these cases were instances of pericardial injury 
without heart involvement, and 8 out of the 10 recovered: 5 without 
septic accidcmts, and 3 others after going through lesser infections. 
This small but remarkably good series of “closed” cases supports 
the contention of many writers who believe that the presence of the 
t^pon or gauze drain is itself sufficient to cause pericarditis; that it fre- 
quently interferes with the escape of the secretions; favors stasis in 
the pericardium, and thus, ultimately, septic infection. 

On the other hand, quite an important group of authorities, quoted 
by Tschemiachowski in his late memoir, unconditionaUy recommend 
drainage of tiie pwicardium after cardiac suture as a preventive of 
septic pericarditis. Up -to the present time thie observations are not 
sufficient to justify a &al judgment. Tschemiachowski, who drained 
in his came, is evidently much impressed with the merits of this procedure 
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and presenta a series of tables which, numerically at least, would seem to 
show that drainage of the pericardium is the proper course to pursue, 
whereas the same practice is not the best for the pleura. He collected 90 
cases, and in this group he found 42 cases in which the pericardium had 
been closed rcithoiU drainage, with a mortality from pericarditis of 46.87 
per cent. The pericardium was drained 23 times, with a mortality which 
he estimates at only 21.05 per cent. From the purely numerical point of 
view, these figures would show that a patient's chances of recovery 
are twice as great with drainage as without it. He believes that 
the majority of the wounds are already infected by the weapon, and 
also that better results would be obtmned from drainage if the sug- 
gestion of Voinitch, to drain the pericardium by introducing a drain 
(preferably a tubular rubber drain, Rehn) to the depths of the sac at 
its intemid inferior angle were carried out. With the majority of recent 
writers, he believes that the heart in all pericardial effusions 
is crowded by the fluid toward the anterior chest wall, and is 
very likely to obstruct a drainage opening unless the drain is 
placed in the most dependent portion of the sac and below the heart. 
In this Rehn, in his recent and most authoritative paper, fully coincides. 
While it is true that synechise or adhesions are constant after prolonged 
drainage, they also occur (as shown by Napalkow, Amerio, and Skawitz) 
even in simple punctured wounds which have not been operated upon. 

The association of septic pleuri^ with pericarditis after cardiac 
wounds is the most dangerous complication possible after cardiorrhaphy. 
Here again Tschemiachowski’s statistics are interesting. He fin^ 
that in his 19 cases the pleura had escaped injury only in 7. It is, 
therefore, equally as important to guard against the pleural infection 
as the pericarditis. Here again we find two factions: those who drain 
the pleura and those who do not. Tschemiachowski found that, in 
27 cases in which the ploiira had been drained, 11 died, equal in mortality 
to 44 per cent.; after deducting 6 deaths not due to pleuruy, the septic 
mortality of the undrained cases is 30 per cent. In 27 cases in which 
the pleura was drained there were 15 deaths — 55.55 per cent, mortality. 
By deducting 6 deaths not caused by pleurisy, the mortality was 
reduced in this group to 42.85 per cent. Statirtically, therefore, a 
patient has a better chance for recovery after this injury with his pleura 
closed than open. Tschemiachowski believes that the relative rest of- 
the pleura and lung, when injured as compared to the constant motion 
of t^ heart, pves the pleura a better chance to recuperate without 
drainage. Lenormant, on the other hand, in his analysis of 128 cases, 
finds that in 65 drain^ cases of either pericardium or pleura or both, 
33.3 per cent, succumbed to septic pleuropericardial complications. 
In 23 cases which were not drained, 21.7 per cent, suffered from pleuro- 
pericardial complications which proved fatal in 17.4 per cent. As 
a purely statistical condusioja he,'- therefore, insists upon the hermetic 
closure of both pericardium and {deura in all osqifte cases. Rehn, basing 
his conclusion Upon a collective study of 124 eases, concludes in favor 
of closing the pleura and. aspirating the contained air whmi this 
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fails to be absorbed promptly. The chances of survival he thinks are 
about equal with or without pericardial drainage, and, as a general 
procedure, he advocates tubular drainage in the manner previously 
stated. In favor of closing the pleural wound and aspirating the air we 
quote Noetzel’s recent experiments, which show that in animals, at least, 
the effects of pleural infection experimentally produced are always 
greatly aggravated by the coexistence of pneumothorax. When the 
dead space left by the admission of ur into the pleura is obliterated by 
the expansion of the lung, the chances of recovery are very much 
improved. 

it is evident, from all this discussion, that the question of to 
drain or not to drain is not to be decided by statistics, and that each 
case must be judged by its individual merits. When there is good 
reason to believe that primary infection has been eliminated, it is safe 
to close the pleura and pericardium without drainage. When there is 
reason to doubt the asepsis, it will be safer to drtun the pericardium 
in its most dependent portion and to close the pleura — ^unless it is quite 
certain that this cavity has also been contaminated. If it. is decided 
that the pleura must be drained, this should be done in the most 
dependent position posteriorly, and a firm occlusive dressing shotild be 
applied which will allow the discharge to escape without admitting air, 
as this will perpetuate the pneumothorax — an especially undesirable 
condition under all circumstances. 

Closure of the Wound . — If it is decided that the pericardium must 
be drained, the edges of the membrane should be attached by a few 
interrupted sutures to the deep pectoral aponeurosis, for reasons 
before given. If the case is aseptic and no drainage is required, it is 
important that the pericardium should not be hermetically sealed by 
a continued suture, as this will inevitably favor the retention and 
stagnation of the serum and exudates which will be poured into the 
sac as the result of traumatic reaction if the patient survives. A 
few interrupted sutures, leaving considerable interspaces between, 
will suffice to coapt the edges without interfering with the relief of 
pericardial tension. Interrupted sutures are also desirable in closing 
the remainder of the wound, the skin itself being brought into apposi- 
tion with sterile adhesive strips or a few sutures, which will not. 
interfere with the ready escape of the reactionary exudates and 
serous ooze. 

AneHhesia , — In the majority of these cases a general anesthetic 
has been ^ven. In 66 completed cardiorrhaphies Guibal finds that 
a general anesthetic was given 31 times; 20 times chloroform was used; 
ether 7 times; 4 times the anesthetic used was not specified; 16 times 
no anesthetic was given. It is evident that when the patients are in 
a collapsed or qmcopal condition, or (^anosed by heart compression, 
the preliminary thoracotomy miay be performed with slight, if any, 
anesthesia. If the patient is conscious, or if consciousness returns, 
ether should be given cautiously by the drop method. In a ease of 
my own, operated up(m in. 1887, 1 traced out the outlines of the thorade 
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trap-door flap by cocain infiltration; but it is a question, in my mind, 
whether that was necessary, as the patient seemed to show very little 
sensibility until the pericardium was opened. If the case is urgent, there 
is no time for an effective local or regional anesthesia by the massive infil- 
tration method. Ether, given by the drop method on an open cone, is 
the preferable anesthetic. As a rule, very little will suffice to control 
the patient. If the heart’s action should be interrupted and cease 
during the operation, direct cardiac massage rhythmically applied, as 
elsewhere described, should be resorted to. 

Post-operative Treatment.— Shock and hemorrhage are the two 
great causes of the immediate mortality after these operations. After 
the suture of the heart wound has been successfully completed, the 
patients will be benefited by an intravenous injection of hot physiologic 
salt solution. The greater the hemorrhage and vascular depletion, 
the more is the intravenous solution indicated. Its administration 
must be watched with great care, for fear that the rapid introduction 
of a large quantity of fluid into the veins may cause an acute dilatation 
of the right auricle and ventricle from overdistention, as the heart 
muscle, in its weakened condition, is unable to contract effectively and 
empty itself rapidly enough to prevent venous stasis. If the patient 
is cyanotic and the pulse, instead of steadily improving, becomes 
irregular and imperceptible, instead of gmning in volume, strength, and 
regularity, as it should, it is evident that the saline injection is doing 
harm and must be stopped. Patients who show a disposition to duski- 
ness, lividity, cyanosis, or capillary stasis and marbling of the skin 
should be propped up on pillows in order to keep the right heart from 
becoming ovei^tended with venous blood. In these conditions of 
profound shock the vasomotor control is lost and the influence of 
gravity is felt by the vascular system on the venous side, in a manner 
that never occurs when the vasomotor center is awake and thoroughly 
aroused to its functions. It is, therefore, a great error in all cases of 
evident venous stasis, when shock exists, to place the patient’s head 
downward with a view to supplying blood to the medulla and nerve- 
centers. Patients under these circumstances do not die from cerebral 
anemia, as is usually believed, but die from cardiac paralysiB due to an 
acute dilatation of an overdistended and weatened heart. If the 
patient is propped up in the Fowlm* -position, as Crile has suggested, 
the pressure in the venae cavae and the right side of the heart being 
diminished by the effect of gravity in the semi-erect position, he will not 
only breathe better, but wiU be able to empty his heart if there is any 
contractile power left in the myocardium. H}rpodermic8 of strychnin 
( A -tAt S**') digitalin or digalen (Ooetta), tRv-xvj, and small doses 

of morphin and atropin will do good, especially when combined with 
the cautious administration of black coffee, hot tea, champagne, and 
other forms of alcoholic stimulmits of the kind that the patidtat is 
accustomed to. After the heart's action has been restor^, saline 
solution may be continued by enema with coffee and laudanum in 
small doses as a stimulant as veil as sedative. Oveidistentipn of the 
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stomach with water or other drinks should be avoided on account 
of interference with the diaphragm and indirectly with the heart. 
Rectal enemata given slowly on the Murphy plan will do better. Exter- 
nd warmth is, of course, always indicated as long as the temperature 
is subnormal and the peripheral circulation remains sluggish. 

Statistical Conclusions ai|d Causes of Mortality. — ^The combined 
statistics of Fischer and Loison (1869-96) show that in 629 cases of 
heart injuries record^ in the preoperative period, 84.8 per cent, died 
and 15.22 per cent, recovered, a mortality which is even less than it 
should be when we consider that needle punctures which yield 40 per 
cent, of recoveries without operation are included in this list. Salo- 
moni, in 1906, tabulated IM operations upon the heart, with 62 
recoveries (43.^ per cent.). Wounds of the heart were sutured in 134 
cases, with 49 recoveries (38.75 per cent.); in 11 cases the heart was 
exposed without suture, and 5 recovered (38.08 per cent.). Foreign 
bodies were removed in 5, with 5 recoveries (100 per cent.). In 10 cases 
both the diagnosis and issue were doubtful (30 per cent.). In 128 
cases compiled by Lenormand (September, 1906) the -mortality was 
36.7 per cent.; in 124 cases, published by !^hn in April, 1907, there 
were 40 per cent, recoveries and 60 per cent, deaths. While the value 
of statistical conclusions must not be overrated, it may be safely con- 
cluded, with Salomoni, that heart wounds, far from ^ng invariably 
fatal, give 3 chances in 4 for survival long enough to permit surgicd 
intervention; 1 chance in 10 to bed spontaneously; and 1 in 2 to be 
cured by surgery. In the 49 recoveries analyzed by Rehn, the conva- 
lescence was uninterrupted and uneventful only in the minority of the 
cases. In the majority the post-operative course was either critical 
for days, stormy, or protracted on account of intervening complications. 
Traumatic pericarditis, serous effusions in the pleura requiring puncture, 
and emphysema (6 cases) and pulmonary infarcts were especially noted. 
Of Rehn’s 75 fatal cases, 16 died on the table or within an hour after 
the opwation; 17 died in a few hours from tiwck and hemorrhage, i. e., 
40 per 'ront.; 40 per cent, died of infection either in the pericardium or 
pleura or both. Therefore, of these 75 fatal cases, 84 per cent, suc- 
cumbed from hemorrhage or infection. It is to be hoped that future 
improvements in the technic will protect patients better from these 
two great factors in the mortality. There is no doubt that, with 
improved methods of overcoming the evils of pneumothorax, not only 
will shock be diminished, but alw the danger of infection, as Noetzel 
has pointed out. Pneumonia, embolism, cardiac thrombosis, valvular 
diso^ers created directly by injury to the valvular mechanism, myo- 
carditis, and associate lesions of other organs, — ^peritonitis, etc., — ^were 
the great causes of the mortality.* 

*The latest tabulation of reported csees of oardkarrhariiy has been publiehed by 
J. T. VaugHh (Jour. Amer. Med. Aseoo., February 1909). Including bie own suo- 
ceerful operation, he ooUeoted IM oasee, with a mortaU^ of 66 per cent., showing 
that the mortality is still very hi^ He oondudea that the evidence ■ against 
drainage of the pericardium and j^eura. Sxteen gunehot wounds were operated 
upon with a monaUty of 66 per cent, or 10 per cent lower than othdr kinda of 
.vjwoundi treated by cardiortbaphy. He reports 14 American cases with 6 recoveries. 
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Foreign bodies. Including Bullets. 

Foreign Bodies in the Heart. — ^The tolerance of foreign bodies 
by the heart is, indeed, remarkable, when we consider the mobility 
of the organ, its delicate structure, and the dangers to which the 
patient is exposed by the coagulation of the blood and the migration 
of the clots. The foreign bodies most frequently found in the heart 
are needles, fragments of glass, of foils, bullets, etc. 

Salomoni (1901) collected 97 reported cases of foreign bodies in the heart, 01 
of which enter^ the heart through the chest walls, chiefly the precordifd regkm, and 
6 by the esophageal route. Of the 91, 40 recovered and 51 died. The othmr 6 all 
onded fatally. ’’ • 
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The fate of foreign bodies in the heart, especially bullets, needles, 
fragments of knife-blades, etc., and the behavior of the heart in 
connection therewith have been experimentally studied by several 
recent observers, and the conclusions arrived at (which conform with 
those of clinical experience) may bo briefly summed up as follows: (1) 
The tolerance of the heart, pericardium, and blood-vessels for pro- 
jectiles, needles, and other foreign bodies is indisputable. (2) When 
. bullets or other foreign bodies are retained in any of the organs, the 
results may be (a) immediate or prompt death, which is the usual 
occurance; (b) survival of several hours, days, or weeks, death resulting 
finally from secondary hemorrhage, septic complications, embolism, 
etc.; (c) complete tolerance with indefinite survival of the patients, 
the foreign body being only revealed at the post-mortem. (3) The 
fate of foreign bodies after entering the heart in case of survival is 
dependent largely upon their shape and size. Needle-shaped foreign 
bodies re.main, as a rule, in situ or in the cavity involved, with the 
point buried in the wall. Thrombi usually form and organize around 
the foreign body when this lies exposed in the blood-stream. Migra- 
tion of needles is favored by the heart movements, though it occurs 
less frequently than is usually taught. (4) Bullets and other foreign 
bodies, not needle shaped, are swept away, as a rule, out of the heart 
by the blood currents, immediately or shortly after entering one of 
the heart cavities, and are carried into the great vessels. Sometimes, 
though rarely, bullets will be dislodged from one cavity to another 
in a direction contrary to the blood-stream (ventricle to auricle, 
Haecker). The experimental demonstration of the tendency of the 
heart to eject out of its cavities any missiles or other movable bodies 
that may lie free in its chambers is fully confirmed by clinical experi- 
ence, and should be borne in mind in all such cases on account of the 
danger of embolism which may ensue from the blocking of important 
arteries. On this point the clinical evidence furnished by Fayrer, 
Hamiltpn, Simmons, Randall, Morestin, and especially by H. Schloffer 
(1603), in his remarkable paper, is most interesting and conclusive. 
(5) On the other hand, bullets and other missiles may remain free 
in the heart cavities without causing any reflex functional or organic 
disturbanees; hence extraction is not invariably required, and should 
be attempted only when called for by special symptoms. 

On this point many iUuatrative oases could be gathered from the observstionB and 
dassie papers of Qeo. Fischer, Hermann Fischer, Loison, Salomoni, Rndinger, 
Sodn, and Bergmann. 

Nets on BuUtt Wonnit. — ^Eltoi, not long ago, published a comparative statistical 
study of the mortality of gunshot wounds of the heart In 25 oases of bullet woimds 
of the csntricie one patient (4 pier cent.) escaped with his life. Schloffer (1903) 
has oompileda table showing a Ikt of 23 penetrating or perforating gunshot wounds, 
which either recovered or Jived at least four diys after the infliction til the -injury. 
"Of the 23 eases above referred to, the right auride was invdved in 12, irith a dura- 
tion of life of 4 cbys, ferice;; 5 days, twice; 14 days, twice; two lived six wedm; 
mhay yeus; one fenent case (Trenddenburg’s) is still living." 
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In the statistical study of heart wounds treated by suturoi we find that in Rehn’s 
table of 124 cardiorrhaphies (including 1907); 15 were gunshot wounds, and of these 
6 recovered (40 per cent.)* It is remarkable that five attempts to remove bullets 
have ended in recovery. 

Numerous experiments with modem small-bore military rifles, and the experience 
of recent wars and in civil practice, have impressed observers with the belief tliat 
small-caliber projectiles penetrating the heart while in systole result in smooth, 
tuimeled wounds, while more extensive explosive effects occur from hydrodynamic 
action if the bullets strike the heart when it is full of blood — t. s., in diastole. 

On the battlefield, wounds of the heart and large blood-vessels at its root are 
probably almost immediately fatal. The majority of reported bullet wounds of the 
heart operated on in civil practice are inflicted with small pocket revolvers. It is pos- 
sible tliat the low initial velocity, lack of explosive effect, and small size of missile, 
account for the fact that one or more cavities of the heart have been perforated with- 
out immediately fatal effect, and also for the number of cases in which the bullets 
have remained encysted in the heart walls, or found free in its cavities. That bullets 
so often fail to penetrate the heart is in part accoimted for by Gaebel, who explains 
that the contracted heart of a healthy man is as rigid and hard as the biceps of an 
atlilete, and offers a solid and unyielding surface almost as impenetrable as iron. 

(6) Radioscopy, radiography, and the various special forms of 
apparatus devised for the accurate localization of projectiles and 
foi-eign bodies in the heart have proved of inestimable value, not 
only in diagnosis, but in the operative treatment of this class of cardiac 
injuries. 

(7) With the present facilities for the diagnosis and localization of 
foreign bodies in the pericardium and the heart with improved 
methods of controlling hemorrhage from the heart itself, and with 
an improved general technic, the removal of foreign bodies from the 
pericardium and the heart should be unhesitatingly attempted 
whenever it is evident that they are causing serious disturbances or 
menacing life. A needle, accessible from without, should be promptly 
extracted. Should it broken off and become inaccessible to 
external manipulations, its removal should be undertaken by a sys- 
tematic, carefully planned thoracotomy. After the extraction of 
the needle or pointed body from the precordia, even if positive signs of 
heart injury are lacking, careful watch should be kept for signs of 
heart compression caused by traumatic hemopericardium. In such 
cases everything should be in readiness for a prompt decompressing 
pericardiotomy should such signs develop. Broken knife-blades, 
poniards, and other large weapons, visible and left projecting on the 
chest wall, or when felt subcutaneously, or when seen fluoroscopically, 
should never be removed without previous preparation for an instant 
aseptic pericardiotomy and cardiorrhaphy. 

The following notable experiences on the extraction of bullets from the heart, 
reported by Podres, of Kharkoff (1898), and of Zoege v. Manteuffel, of Porpat (1903), 
will suffice to Olu^rate the tolerance d the heart to foreign bodim and to suigieid 
manipulations and the further posribilities of modem surgfoal teehnicf. 

A little girl, aged sixteen years, was aoddentalbr shot with a revdyer, the buUel 
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on th« level with the fifth chondrostcmal articulation. It was evident 
that the bullet had entered the chest and probably penetrated the heart. The 
ff fwmlf and violent i^ptoms presented by the patient abated until about the fourth 
day, when a new exacerbation of symptoms, fever, cyanosis, dyspnea, and agitation, 
compel led Podres to interfere. After a very extensive pericardiotomy he recognised 
a wound about 1 cm. in width in the r^ht ventricle. The wound had not cicatrised, 
but was apparently closed simply by muscular contraction. Podres attempted then 
to explore the traet of the wound in the heart with a probe, and then with a fine 
waaAIa hoped to detect or feel the bullet. These measures failing, he nuule more 
ten punctures in the vicinity of the wound in the vmitricle, to see if he could 
the ball, but ineffectually. The operator then ^lored the entire pericar- 
dial sac and its various culs-de-sac with the finger, and, not finding the bullet, pal- 
pated the heart itself 1^ holding it between the two hands and exercising sufficient 
pressure to permit of a fairly thorough exploration at the auricles and ventricles. 
Disappointed in all directions, the operator reluctantly abandoned further search for 
the mjiming buUet and tamponed the wound aseptically. The phenomena exhibited 
by the heart during these various manipulations and subsequently are very inter- 
estingly told, and were sufficiently idarming, but the patient survived in spite of 
many complications (arhythmia; edema of the lungs and of the lower extremities). 
Infection of the pericardium occurred, but after frequent irrigations the patient 
recovered. The wound in the heart was newer sutured. Fluoroscopic examination 
subsequently showed distinctly that the bullet was in the heart, as it was displaced 
and moved rhythmically with it. 

In agreeable contrast to the difficulties of the preceding case, 
we would quote the following remarkable and unique experience 
recorded by Zoege von Manteuffel, in which he extracted the pro- 
jectile from the posterior wall of the right ventricle in the case of a 
woman of twenty-one years. After the pericardium had been opened 
the entrance orifice of the bullet was seen upon the right ventricle, 
6 cm. from the apex, a blood-stream of 50 cm. in height spurting out 
with each diastole. This orifice was at once closed by a silk suture 
and the bleeding stopped. In order to locate the bullet the heart 
was cautiously rais^ a trifle, the pericardium being found intact. 
The bullet was felt in the posterior wall of the right ventricle, 1 cm. 
from the coronary artery. The heart was now lifted up by means of 
two fixation sutures, and the operator cut down upon the bullet, 
which he pressed out between the left index and thumb, so that it 
dropp^ into the pericardium. The second wound, which had bled 
but slightly, owing to the digital compression, was sutured, and the 
patient made a good recovery. 
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Wounds of the Coronary Arteries. 

To the question, can these arteries, so essential to the life of the 
heart itself, be ligated ivithout fatal results, we find various replies. 
The older authors looked upon all injuries of the . coronary vessels 
as necessarily and immediately fatal. Senac did not believe that 
they caused instant death, because hemorrhage from these vessels 
was not rapid or abundant. 

Cohnheim (1881) taught that the ligation of one pf the coronary 
arteries, which he believed were terminal arteries, induced immediate 
and fatal arrest of the heart. The contention of Michaelis (1893) and 
others, who deny the terminal nature of the coronary arteries because 
one of these can be forcibly injected from the other, has no weight — 
as W. T. Porter has shown — against the positive evidence of the 
complete failure of nutrition which follows closure of one end of the 
coronary circuit. Porter, in his exhaustive research (1003-06), in 
which over 100 ligations of the coronaries of dogs were performed, 
observed that cessation of the heart's action never occurred when the 
septal branch (arteria septi) alone was ligated; fatal arrest occuired 
only in 14 per cent, of the ligations of the right coronary; in 28 per cent, 
of the-ligations of the descending branch of the left coronary, and with 
the greatest frequency, 63 per cent., if the circumflex (left coronary 
branch) was ligated. The prompt and fatal arrest of the heart’s action 
preceded by a period of auriculoventricular incoordination which occurs 
so frequently after the ligation of the circumflex branch would suggest 
that a condition of "heart block” is induced by an acute ischemia of 
the bundle of His. The experimental evidence is conclusive in. 
showing that the disturbance and fatal arrest of the heart after 
coronary ligation is due to ischemia and not to accidental injury 
to the myocardium. It is encouraging to know that in a considerable 
percentage of cases no immediately fatal or even secondary injury 
to the heart follows the occlusion of one of the larger branches of the 
coronary. It is also evident that the resulting disturbances are less 
dangerous, as these vessels are ligated at a distance from their origin. 
The failure of the ligature to. cause either immediate or seedndaiy 
injury to the heart in many of the do|^ experimented upon, and the 
non-occurrence of myocardial degenwation in cases of pathdlogi(^ 
occlusion of these vessels in the human subject; can only bis accounted 
. for by the establishment of a collateral circulatipn or by the md^QRee 
of anomalous branches of communication between the two coionary., 
systems. ■ 

Capdlen (1896) Ugat^ thn left^aotei^ demanding 
the human subject for the first thhe, ^dihe^gh I)is;imtient:<^^ 
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end was not brought about by the effect of the ligature, but by a 
septic pericarditis. Pagenstecher found the left coronary cut across 
6 cm. above the apex. He ligated both ends of the vessel, and, though 
his patient died five days after from purulent pleuropcricarditis, the 
heart did not appear to suffer from the effects of the coronary ligature. 

In spite of the comparatively small size of the coronary artery, 
bleeding from this source is quite sufficient to cause death from 
surgical anemia, apart from heart compression. In Lamotte’s case 
there was a double hemothorax which filled up the chest when death 
came. Capellen’s patient had 15 grams of blood in his pleura, besides 
a very large hemopericardium. An enormous hemopericardium 
was found by Peek Richards (1891), at the autopsy of an insane 
patient, caused by the pricking of one of the coronaries with the 
fragment of a needle introduced with suicidal intent. And so we 
find other cases recorded in the literature of the preoperative period. 
Larry, Perry, Clark, Beckert, Parisot, Turner, Klihm, and others 
have recorded autopsies in which the wounds of these ves^ls had 
healed completely and had been followed by long survivals, death 
having come from entirely different causes than heart injury. Turner’s 
patient died of purulent pleuroperic'arditis four mont^ after a stab 
wound of the heart, Klihm’s, from the effect of complicating spinal 
lesions two months after a gunshot wound of the heart. In both of 
these the anterior descending branch of the left coronary was involved. 
In both the autopsy demonstrated that the coronary wounds had 
healed. In view of these facts we would conclude that the coronary 
vessels should be ligated unhesitatingly whenever they are found 
bleeding in the course of any operation on the heart or pericardium, 
the opinion of some authorities to the contrary notwithstanding. 
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Cardiac Stimulation for Suspended Animation by Various Pro- 
cedures. 

Experiments on the mammalian heart and clinical observations 
on the human heart show that its functional activity may be restored 
by at least six different modes of treatment: stimulation by— (1) 
Handling, touching (Panum, Bloch); (2) ■MtHing (Watson, 1887); 
(3) aspirtUion of the heart .cavities to, relieve venous repletion and 
cUoroform syncope (Le Fort, Weynich, Westbrook, 1882); Dana, 
Mills (1887); .Leuf (1885); Pepper (18^-80); aspiration for air- 
embplism Senn (1885) ; (4) direct cardiac electrization (Maudaire) ; 
(5) direct arterial infusion through the carotid toward the heart, to 
fill tte opronuy circle with Lock’s solution (Spina, 1906) or with 
defijvomated peptone and piridin blood transfusion (Zeller, 1908); 
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(6) heart massage; by combining cardiac massage with arterial 
saline infusion and adrenalin (Grile, 1908). Some of these methods 
have been discarded as too dangerous and uncertain to deserve a 
place in surgical therapeutics; others have been discussed sufficiently 
in other parts of this work (see Hemorrhage), and we shall now confine 
our attention in this section to massage. 

Massage . — Peripheral compression, or massage of the heart, with 
the object of establishing a sort of artificial circulation and arouse 
the heart to contraction after its movements appear to be suspended 
by accidental causes, originated with Schiff, the physiologist (1874), 
and remained, until quite recently, strictly confined to laboratory 
practice on the lower animals. 

Massage acts on tlie heart by: (1) Emptying mechanically the distended cardiac 
chambers; (2) creating an artificial circulation; (3) keeping up the nutrition of the 
myocardium through the coronary vessels; (4) artificially pumping blood to the 
brain and correcting the circulation of the medulla and central organs of the 
nervous system; (5) stimulating the reserve energy of the cardiac muscle. 

Massage can accomplish no good after — (1) Coagulation of the blood in the 
heart has taken place, and (2) the myocardium itself has lost all contractility by 
postmortem coagulation; (3) whenever the respiration fails or the central auto- 
matic reflex centers pf the medulla are permanently damaged. 

In order to apply massage directly, the haiid of the operator can 
reach the heart by one of three routes: (1) The sternocostal or trans- 
thoracic route (Neihaus, 1880; Tuffier, 1898),by which we may reach 
the heart by simple intercostal incision — thoracotomy; (2) the ab- 
domino-transdiaphragmatic route (Mauclaire, 1902), in which the 
heart is reached by an incision through the diaphragm after laparot- 
omy; (3) the abdomino-subdiaphragmatic route (W. A. Lane, 1902), 
and its extraperitoneal modification, proposed by Tomaselli (1907). 
The subdiaphragmatic method, which accomplishes all that can be 
expected of cardiac massage without any of the risks of bad after- 
effects of the other methods, should be adopted as the method of 
election and preferred, even when syncope occurs in the course of 
operations outside of the peritoneal area. 

Technic.rr-By an epigastric incision the hand grasps the heart 
through the relaxed tl^ diaphragm, the organ being held as nearly 
above the apex as possible, so as to compress the ventricles rhyth- 
mically, 20 to 40 times a minute, between the thumb and finger. 
In applying cardiac massage it is evident that the earlier it is done 
after the apparent cessation of the circulation the better. In some 
cases the response of the heart is immediate; in some no contractions 
have been felt until: five minutes have elapsed (Sencert); six to eight 
minutes (Lenormant); and not untfi fifteen minutes in others (Plus, ^ 
Sick). In 26 cases reported by Lmiormant the stemocostal route was 
adopted 16 times, with 12 totd failures (75 ^r cent.), 3 temporary 
recoveries (18.8 per cent.); and one^permwent re^ 

Keen's paper), or 6.2 per cent. * 

VOL. V— 0 . 
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In a summary of 39 cases reported by Ricketts the total number 
of cases in which the heart-beat was permanently reestablished was 
12 (34 per cent.). The ages were given in 22 cases (extremes: oldest, 
sixty '•five years, recovered; youngest, seven years, died). The time 
before the heart function was reestablished w«us one to sixty minutes; 
the greatest length of time of cessation of heart-beat to be reestab- 
lished permanently w'as twenty minutes. 
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Surgery of the arteries. 

DISEASES AND INJURIES OF THE ARTERIES. 

Anatomic, Physiolo^, and Pathologic Peculiarities of Surgi- 
cal Interest. — A preliminary knowledge of the chief structural and 
functional peculiarities of the arteries is essential to a proper appre- 
ciation of their behavior when injured, and of their reactions when 
diseased. 

Arteries are classically described as consisting of three coats: an 
internal (intiina), a middle (media), and an external (adventitia). 
The intima is in immediate contact with the blood and is formed by 
an exceedin^y thin, transparent layer of endothelial cells of an irregular 
or fusiform, squamous type, inclosing oval nuclei, the long axis of 
which, as well as of the cell, lies parallel to the long axis of the artery. 
The endothelium has no direct blood-supply except the blood-stream, 
with which it is in direct contact. The endothelial cells have an enor- 
mous power of -reproduction, which is promptly brought into activity 
by mechanical or chemical irritants. This was first appreciated by 
J. F. D. Jones (1^), who showed in his experiments that, on Account 
of its regenerative properties, it was only necessary to injure the intima 
in order successfully to obliterate the vessel after its ligature. 

His was the first to substitute the word mdothdium for epilAe-^ 
livm, which was applied by his predecessors to the linin g Tnamb ran e 
of the vascular and lymphatic system. Scarpa, before him, called 
attention to the. histologic as well as germinal relation which united 
the lining membrane of the entire vascular system with that of the 
lymphatic tracts, the seroUs cavities, and the synovial sacs of joints 
and burse. Zeigler subsequently compared the intimid prpliferatioii 
afliet. jk l^ature to the plastic ihfiammation of a serous membrane. 
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Hence, the surgical importance of the concept of the "unity of 
the endothelia’’— rwhich is as true physiolo^colly and pathologic- 
ally as it is in the histologic sense. The principle of “intima to 
intirm” signifies just as much in the plastic surgery of the blood- 
vessels as that of ‘ ‘ serosa to serosa ” to the abdominal surgeon. It means 
that endothelial surfaces when brought in contact under abnormal 
conditions of irritation or trauma quickly unite and fuse with each 
other as the result of rapid cell proUferation. It is in consequence of 
a better appreciation of the rapid and enormous reproductive power of 
the vascular endothelium that the great progress in vascular surgery, 
the modem ligature, the suture, transplantation and substitution of 
vessels, obliteration of aneurismal cavities by intravascular suture, and 
transplantation of organs, has been accomplished. The chief function 
of the normal endothelium is to preserve the continuity of the blood- 
stream by preventing coagulation, which immediately occurs in 
a. blood-vessel the moment its endothelial lining is damaged by injury 



Fig. 26. — Normal Radial Artery and Vein (X 20). (Meisi.) 

From a neccro woman twaaty-five years old who died of meningitis. The artery is to the left, 
and it is as nearly normal as any of the arteries of arsons who have died of disease. The intima 
is always as tliick as it is here represented. Tlie vein is the thin-walled vessel to the right. 


or disease. Outside of the endothelial layer lies a thin loose connective- 
tissue stratum which connects the intima with the internal elastic lamina, 
the, fenestrated membrane of Henie, which is composed of a layer. of 
longitudinal fibers running paraUel with the long axis of the artery. 

The middle tunic is formed of two constituent elements: (1) 
A muscular la 3 rer of unstriated fibers or musde-cells (the muscularis) 
and (2) an external' dastic lamina which defines the boundary between 
the m^a and the adventitia. H. Diirck (1907), by adopting Wmgert’a 
new nerve stains, has shown that the subendothelial elastic lamina and 
the external elastic of the media are connected by tense radiating 
elastic fibers between which the muscular elements of the artery are 
interpose. The elastic fibers act as physiologic antagonists of the 
cinndar musOular layer. In the rh 3 rthmie play between contraction 
and dilatation which is constantly going on in the peripheral vessels, 
vasoconstriction, which is a vital act, is followed immedi^tdy by the 
recoil of the dastio membrane, which brings the vessd back to iterated 
resting porition. • As we ase<^ fi^om the very small to the hig^eF pe- 
riphwal and visceral arteries tho number of ^muscular fibem become M 
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great that in cross-section it forms a well-marked ring of non-«triated 
muscle with comparatively little coimeetive tissue. In the arteries of 
the first magnitude the elastic tissue almost entirely replaces the muscu- 
lar layer of the media. The middle tunic is composed of elements which 
are easily injured and degenerated by diseased conditions, and have 
relatively little power of regeneration, especially when compared with 

the intima or adventitia. Repair 
of these elements is more often 
accomplished by the substitution 
of fibrous cicatricial tissue for the 
lost muscular and elastic elements. 
The media receives its nourish- 
ment from the vasa vasorum, which 
penetrate to the internal elastic 
lamina after ramifying in the ad- 
ventitia. 

It is the elasticity of the arter- 
ies which gives them their firmness, 
their rotundity, and their mobility; 
it is also this quality which keeps 
them open when empty and pre- 
vents their collapsing when divided 
in cross-sections. It is also the 
brittleness of the elastic lamellsc 
. which causes the intima and media 

\ to break and curl up inside of 

the adventitia when an artery is 
crushed with a ligature or with 
clamps. It is also this elastic re- 
traction, combined with coincident 
contraction of the muscular elements, that closes the mouth of a 
divided artery and thus favora natural hemostasis. 

The adventitia or external tunic consists (in the arteries of medium 
size) of bundles of white fil)rillar connective tissue containing some 
elastic fibers. While looser in texture, and apparently of less strength, 
the adventitia is nevertheless more resistant than either of the other 
coats. It alone preserves the continuity of the artery after all the 
other tunics have been crusheil or completely ruptured by tying, 
stretching, or twisting. The adventitia also acts as a protecting wall 
which stoutly resists the invasion of outside microdrganisms. It also 
serves as a bed for the distribution of the vasa vasorum and the nerve 
plexuses (vasomotor nerves), preparatory to their final distribution 
into the muscular layers of the media. The vasa vasorum are furnished 
by the nearest branches of the parent trunk or of adjoining arteries, 
and not by the main body of the artery, the vessels differing from the 
nerves in their distribution, which is limited in the artery to the media 
and not to the intima. 

The extent^ to which the arteries may be stretched has not been 



Fio. 27 .—SECT 10 N OF THE Brachial AltTIGRr. 


1, Outer coat (thick); ^ media; 3, intima. 
(Ballnnce and Edmunde.) 
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accurately estimated. Veins may be stretched 50 per cent, without 
passing the limit of their elasticity, i. e., when the vein is freed from its 
adhesions to surrounding tissues, ^ per cent, of the distance may be 
removed and still the veins possess sufficient elasticity to be approximated 
(Murphy). Murphy, Carrel, Hoepfner, Stich, and others have demon- 
strated that relatively large sections of the arteries could be removed 
and the ends approximated by suture without difficulty. The internal 
pressure which a vessel will withstand is very much greater than the 
normal arterial pressure to which it is subjected, showing that in the 
progress of surgical repair a wall much more feeble than the normal 
wall of the vessel is sufficient to hold the blood in control. Volkmann 
found that the carotid of sheep would rupture only when fourteen times 
the normal pressure was put upon it. The carotid of a dog withstands 
fifty times the normal blood-presswe; the jugular vein one-half of this 
(Gr^hant, Quinquaud). It may be deduced from this that there is 
little danger of aneurism at the point of union of a sutured artery, even 
if the walls are somewhat weaker than norm'al (Murphy). Abundant 
clinical testimony with arterial suture fully confirms this statement. 
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Acute Arteritis. — Acute arteritis is a general designation which 
includes a variety of strikingly different types of acute arterial disease. 
From the purely histologic point of view, arterial inflammations may be 
subdivided into: (1) Periarteritis; (2) mesarteritis; (.3) endarteritis, 
according to the primary or chief seat of the lesion in the adventitia, 
media, or intima. There is no sharply defined limitation of the 
inflammatory process to either of these coats, as suggested by these 
d^gnations, but the primaiy seat of the disease is thereby emphasized. 
The word panarterUia is used to distinguish those forms of acute arteritis 
in which the entire vascular wall is involved, as is most frequently 
observed in the localized forms of arterial infection of pyogenic ori^. 
An etiologie distinction which can be recognized clinically should be 
made between: (1) The scute types of arterial inflammation, which 
result from the presence of living (especially pyogenic) organisms in 
the circulation and their toxins; and (2) those produced by toxins and 
other products of bacterial activity ^borated in distal parts of the 
organism. In the last group a toxemia is produced in which {he 
bacterial poisons circulating in the blood, such as barium chlorid, alcohol^ 
adrenalin, etc., act on theijlqod-vesselsin the manner qf chemical poi- 
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sons. We should bear in mind that in ather of th^ pathogenic groups 
the traumatism and other influences, must be considered in determining 
localizations in definite areas of the circulation; the tendency in the 
first group being notably toward virulent localization of deatructive 
intensity in small, definite areas; while that of the second group is toward 
the production of widely diffused or disseminated processes. 

I. Pyogenic or Purulent Arteritis.— The first ^up may be sub- 
divided into— (o) the perivasal and (b) the endovasd infections, the in- 
fection in both groups recognizing a staphylococcal and streptococcal or 
mixed origin in most cases. The perivascular type is initiated in the 
adventitia, constituting the clinical type known as “suppurative” or 
“ulcerative periarteritis," “ulceration” or “erosion” of arteries. It 
occurs most typicaUy when an artery lies exposed in an abscess cavity, 
bathed in virulent phlegmonous pus. This occurrence is not rare in 
the neck (carotid and peritonsillar), axillary, iliac, inguinal, or pop- 
liteal repons, where the anatomic conditions, as well as the frequency 
of deep infections, predispose to perivascular suppuration. While miseries 
are frequently brought in contact with pus, suppurative periarteritis 
with ulceration and rupture of the artery into the abscess cavity is 
not a frequent occurrence, because arteries are nourished by their own 
blood-ves^, the vasa vasorum, which are independent of the main 
trunks themselves, and they are, therefore, able to offer greater resist- 
ance to the encroachment of outside traumatism and bacterial invasion 
than the surrounding tissue. It is not unusual for a vessel to remain 
apparently intact in a bed of necrotic or suppurating tissue. How- 
ever, this immunity or resistance to infection is limited and is very 
materially affected by the extent of the injury and the virulence of 
the infection. 

Secondary hemorrhage, the formidable specter that haunted the 
surgron of the preantiseptic period, is caused by a purulent periar- 
teritis in which the bacteria are carried to the lumen of the vessel 
by the septic ligature. Here all the conditions favorable for infec- 
tion are prepared by the detachment of the vessel from its bed 
and the crushing effect of the ligature upon the arterial tunics, 
especially us the ligature was then always applied with sufficient force 
to iacerate the intima and media. Then the only protection n gainat. 
hemorrhage w/js the presence of an obturating septic clot, which often 
disintegrated into a puriform moss as the local infection progressed. ■ 
That secondary hemorrhage did not occur invariably under these cir- 
cumstances, especially when the large arteries were ligated, is surprising. 
At present, the dangers of hemorrhage from septic or purulent periar- 
teritis need scarcely be taken into account in operative work. 

In the violent forms of purulent periarteritis the entire thick- 
ness of the arterial wall may become sphacelated or gangrenous 
(arterionecrosis). When intemitial suppuration occurs, the arterial 
wall is undermined and ulceration takes place. The elastic lamcllfft 
for a time will provide a protecting wall which, yielding gradually, 
forms with the intima a hernia^dilm aneurismal dUat ation, “the erosion 
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aneurisms of Eppinger." These always terminate in hemorrhage which 
has no tendency to be arrested spontaneously. They are not infrequent 
in the lungs as the result of tuterculous arteritis, or in the brain as the 
result of the breakdown of gummatous infiltrations of the adventitia. 
In addition to these erosion hemorrhages which occur in the lungs, 
cases are reported of erosion from the same cause in cold or migrating 
abscesses in Pott’s disease. Monod, who studied these arterial ulcera* 
tions in 1882, tabulated 51 observations from the literature. In 37 cases 
the hemorrhage was caused by pus infection in abscess cavities. In 
addition, erosion from mechanical irritation and compression from se- 
questra in fractures and osteomyelitic foci, prolonged contact with rigid 
drainage-tubes (Bouilly), are quoted. The vertebral artery has been 
ulcerated in cervical Pott’s disease (Regnier). Hessler collected 19 cases 
of hemorrhage of the internal carotid resulting from caries of the tem- 
poral bones and carotid canal. In an exhaustive study of the hemor- 
rhages resulting from erosion of the carotid and its branches in peri- 
tonsillar abscesses, Lebrani (1906) reports 25 cases, including 2 of his 
own. This grave complication is not as rare as it appears in the lit- 
erature. Of these, 9 recovered in which the common carotid was ligated, 
and 15 died. Lebram has also collected 23 cases of erosion hemorrhage 
from purulent infiltration of the lateral sinus, almost all occurring os 
a result of .scarlatinal otitis and mastoid infection. 

Hoffman (1906) has especially investigated the erosion hemorrhages 
which occiu* in appendicular abscesses. After quoting the statistics 
bf Hemmig, Hagen, Bode, and others, he states his own statistics, 
which show four hemorrhages with 3 deaths in 450 cases and 400 
operations. When an artery has been eroded in an abscess cavity, the 
weakened arterial coats yield as a result of the sudden removal of pres- 
sure, which, prior to the opening of the abscess, counterbalanced the 
intravascular tension. Sometimes, in aliscesses of low tension, with 
well-defined walls, the artery will rupture into the cavity and simu- 
late an infected diffuse aneurism or pulsating hematoma. Sometimes, 
after an abscess has been opened and drained, a few repeated hem- 
orrhages, “the warning hemorrhages of Pirogoff,’’ precede the final 
and often fatal gush. It is important to protect all vessels, arteries 
as well as veins, exposed to infection in suppurating cavities by not 
opening, incising, .or otherwise disturbing the aponeurotic sheath, 
which is their normal barrier to infection. It is also important to sup- 
port the artery by well-adjusted antiseptic packs or tampons, when the 
surrounding tissues have been destroyed, so that the tendency to yield 
to intravascular procure may, in some measure, be obviated. Impend- 
ing perforation of the arterial wall is often announced by the formation 
of an embolic or a thrombotic aneurism at the seat of the perfora- 
tion, the thrombosis givjng rise to ^ the jdgns of ischemia, stads, and 
gangrene in the peripheral parts. 

II. Localized Septic Endarteritit of Embolic (Pyemic) Origin. 
^This form of acute arteritis be^^ as an endovasd process, and 
is always the residt of the lodgment of an infected embolus or proper 
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gatsd thrombus in an artery. It differs from periarteritis by the 
sudden and abrupt development of disturbances in the peripheral 
circulation as the result of initial thrombotic manifestation. In the 
periarteritis, thrombus formation is a tenmnal feature of the proo* 
ess, the protective thrombus being washed away by the hemorrha^ 
following the rupture of the artery. The local effects of these mycotic 
or infected emboli may be stated as: (1) Septic suppurative thrombo- 
arteritis beginning in the endothelium; (2) secondary panarteritis; 
(3) metastatic abscess, when the smaller vessds are involved; (4) 
degeneration of the vessel-wall, followed by ulceration, erosion, necrosis; 
(6) aneurismal dilatation from weakening of the vessel-wall at the 
point of obstruction (mycotic embolic aneurism); (6) increa.sed area 
of coagulation in the blocked vessel by propagation of the thrombus 
along its infected walls; (7) gangrene of the peripheral parts supplied 
by the obstructed artery, unless the collateral circulation is sufficient to 
compensate for the obstruction. An infective embolus presupposes an 
infected thrombus somewhere as the source, from which the embolus is 
detached and by which the primary infection is disseminated. If it be 
pyogenic in character, as is often the case, a metastatic abscess is devel- 
oped at the point of embolic obstruction, and the condition of pyemia is 
established. Arterial emboli are formed (more often than from any other 
cause) in the valves of the heart or in the aorta, on surfaces roughened 
by previous disease of the endocardium or in atheromatous patches in 
the aorta. Arterial embolism has been noted in 35 per cent, of cases 
of heart disease (Giinsburg, Eichhorst). The order of frequency of 
arterial embolism is given by Welch as follows: Pulmonary, renal, 
splenic, cerebral, iliac, and other arteries of the lower extremity; celiac 
axis with hepatic and gastric branches; central artery of the retina, 
superior mesenteric, inferior mesenteric; abdominal aorta and coronary 
arteries of the heart. It is very probable that embolism of the small 
arteries of the lower extremities would come next to the pulmonary 
in the order of frequency, but the signs and symptoms attending this 
event may be so unimportant as to be overlooked or misinterpreted 
(A. S. Warthin). It is evident that the relation of the endarteritis 
is a purely secondary one, the artery being infected by the embolus. 
From this viewpoint, the clinical manifestations of embolic endarteritis 
are practically the same as those of thrombo-arteritis when this occurs 
in the course of the infectious diseases. In patients suffering witb 
general, staphylococcal and streptococcal, typhoidal, rheumatic, gonococ- 
cal, influenzal, and other general infections, the tepticemic state is often 
complicated by ulcerative endocarditis. The risk *of embolism is then 
greatly mcreased. In the peripheral arteries it will be announced ab- 
rupUy by local intense pain in the limbs, with diminished function and 
diminished or absent pulsation beyond the line qf obstruction. When the 
thrombosed artery is superficially rituated, it can be palpated as a hard 
cord, extremdy tender to the touch. If the obstruction is complete, 
the pulse is lost altogether in the distal parts, the limb becomes edema- 
tous, th^^sur^Bce cold, anesthetic or paresthetic. Stasis occurs in the 
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capillary circulation; irregularly outlined, pale bluish spots form in 
the dependent parts, and even spots of an ecchymotic or purpuric char- 
acter make their appearance in the skin. The further course will 
depend upon the virulence of the embolic infection and upon the 
establishment of the collateral circulation. When the collateral 
circulation fails, gangrene follows. If the collateral circulation devel- 
ops, an impending gangrene will be averted. If the embolus is infected 
with pyogenic organisms, panarteritis will follow, with the formation 
of an alracess, and ultimately (in the larger arteries) a secondary 
hemorrha^ as the result of perforation. 



Fig. 28. — ^Tranbvbr8V Section op the Popliteal Artery, bhowinq 'rnRoUBo-BNOARTEHiTiB 
(Non-pyogenic ; X8). (Ballanoe and Edmunds.) 

From a man aged thirty-five years who had gangrene of the right foot. There was no visceral 
disease and the case was apparently an example of the endarteritis proliferans of Friedlandei. In 
the section the wavy fenestrated membrane of Henle can be seen on close inspiMtion. Internal to it 
the thickened intima is represented black. A clot nearly fills the vessel. The darker area of the 
clot is permeated by cells derived from the endothelium, which have partly transformed it into 
connective tissue. The narrow white spaces are all that is left of the lumen of the vessel; here 
alone the circulation continued. 

III. Acute non-pyogepic arteritis, as a primary process (not 
secondary to embolism), may occur from traumatic, toxemic, and 
non-pyogenic bacterial infections. This group differs etiologically and 
histologically from the preceding in the fact that the structural changes 
in the arterial wall do not lead to progressive ulceration or purulent 
infiltration. As usually observed, acute non-pyogenic endarteritis 
is a widely diffused process, affecting large areas of the vascular system 
at the same time, usually in the lower extremities. The intima is the 
first and chief sufferer. The essential histolopc difference which 
separates this group from the pyogenic is that, instead of the enor- 
mous leukocytic infiltration of the arterial coats, there is, in addition to 
thromboffls, a tendency to hyperplasia and endotheliai proliferation. 
Sometimes the arteritis is started in tho media by the toxic blood 
brought to it by the vasa vasorum, causing a mesarteritis. Acute 
non-purulent arteritis may ^ur in every general infection in which 
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toxemia occurs, but is most frequent in those of long duration. In 
these, a lingering, wasting fever causes a duggish peripheral circulation, 
' due to an exhausted vasomotor center and a weakened degenerate 
heart. Other conditions favorable to the stagnation of blood in the 
capillary circulation occur in the i»ripheral parts of the extremities. 
These, with hemolytic processes, which favor intravascular coagulation, 
all combine, to inaugurate the thrombo-arteritic process. It is not 
surprising, therefore, that typhoid and typhus fevers should stand 
first in the list of the thrombogenic diseases, followed by the exanthe- 
mata (small-pox, scarlatina, measles), acute articular rheumatism, 
pneumonia, and general pneumococcal infections, diphtheria, gonorrhea, 
and the chronic malarial infections. The influence of syphilis in exciting 
endarteritis is particularly malignant, but it is considered apart from 
this group because it gives rise to special types of arteritis, which, 
regardless of their histologic peculiarities, prefer certain vascular terri- 
tories in the brain, spinal cord, the aorta, and the large central arteries, 
where the disease is followed by the gravest consequences, such as 
paralyses from thrombosis of the branches of the circle of 'If^llis, and 
by aortic aneurisms, all of which especially concern the internist. In 
summing up the etiology of this group of arterial lesions, we would 
state that any agency capable of exciting the characteristic tissue 
reactions of an endocarditis is likewise capable of injuring the endo- 
thelium and other coats of the blood-vessels in the manner above 
descril)ed. 

In the clinical Mudy of the acute forms of arteritis in general the 
peripheral and the visceral forms of the disease must be considered 
from the surreal viewpoint, and, in this regard, thrombo-arteritis of 
the extremities, more especially of the lower limbs, claims the greatest 
attention. Of the visceral and internal thrombo-arterial localizations, 
the aortic, mesenteric, renal, splenic, and hepatic areas also claim special 
attention because they are associate with secondary obstructive dis- 
orders, infarcts, visceral abscesses, and gangrenes, which follow the 
occlurion of the terminal and main arteries. An embolus, lodging at 
the bifurcation of the abdominal aorta, may be followed by gangrene 
of the lower limbs; mesenteric thrombosis and embolism lead to gan- 
grene of the intestines, and metastatic infarcts in the kindeys, liver, 
and spleen frequently give rise to surgical conditions demanding opera- 
tive interference. 

Chronic Arteritis — Arterioscierosis. — This is the largest group 
of the arterial diseases. It is properly clumed by the internist as 
his special province, but is, nevertheless, of great and growing impor- 
tance te> the surgeon, who should be familiar not only with its local 
obstructive manifestations, os they are observed in the extremities, but 
also the general constitutional effects of the arteriosclerotic processes 
in th^ ^relation to g^eneral surreal practice, t. e., their influence in 
diminishing the resistance of the individual as a whole, interfering with 
toe nutrition of the tissues and with thrar reaction to trauma, shock, 
mfectiim,. hemorrhage, and to the toxic effect of gmeral anesthetoss, 
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etc. The pernicious effect of degenerative changes in the blood-vessels 
is also felt by the g^eral metabolism of the arteriosclerotic subject 
which makes him more liable to auto-intoxications and to other con- 
ditions that unfit him for the work of the surgeon. 

We are now especially interested in the local effects of the arterio- 
sclerotic process which the surgeon is called to see only ill its advanced 
stages, when the arteries are palpable, thick, and hard, and their lumen 
is contracted; when obstruction in the peripheral arteries has actually 
taken place or is threatened. . 

In the study of this most important vascular disease it is well that 
the student should know at the outset that the numerous designations 
given by pathologists to this condition, in the course of its historic 
evolution, such as “chronic arteritis,” “atheroma,” “ arteriocapillary 
fibrosis,” “obliterative endarteritis,” “endarteritis chronica diffusa,” 
“endarteritis nodosa or conscripta diffusa,” “angiosclerosis,” “athero- 
sclerosis,” “arteritis ulcerosa seu verucosa,” all apply to the protean 
phases of one and the same process, more or less modified by the dura- 
tion of the disease, the regions, and anatomic conditions in which it 
occurs, as well as its specific causes, yet all referring to the same funda- 
mental processes, the progressive hardening of the arteries. It is this 
condition which justifies the name of arteriosclerosia, first given to it by 
Lobstein in 1835, and which has dung to the nosology with greater 
tenacity than all the others. 

While this process may involve only a sectional area of the arterial 
system, it more often affects the entire vascular system, including the 
arteries, veins, and perivascular tissues and organs in a generalized 
diffuse sclerogenic process. Arteriosclerosis must be regarded as a 
complex disease which manifests itself in many different types, all of 
which may appear in the same individual and as the effect of the 
pathogenic operations of one common cause. Thus the syphilitic 
poison may give rise to all the known types of arteriosclerosis in the 
same individual. In some instances a single coat of a vessel is affected 
by fibrous or other allied changes; in others, several tunics of the same 
artery are involved. Hence, we may have two or more processes 
inextricably mixed in a progressive disease of the arterial coats. The 
type of the disease that is most frequent in the extremities is what 
Klotz, Adami, and others have described as the “Moenckeberg 
type,” which is recognized by the clinidan in the hard and tortuous 
radials and temporals. “ In this type the disease begins in the musde- 
of the media, and the media alone is damaged primarily. The in- 
tima and adventitia are not essentially involved in the process, though 
occasionally a secondary intimal thickening accompanies the medial 
degeneration. The main changes in the media are a fatty degeneration 
of the muscular and later of the dastie fibers, both of which become 
calcified and rigid. It is tbrou^ these calcareous plaques in the media 
that the beaded character is pven .to the radials.” On the other hand, 
the “Jores type” of arteriosderoas is characterized by |»ima^ prolif<f 
eration of theintima and seeopdiuyinvdveinentof thesube^hdialeoiir 
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neotive tissue, leading to atheroma and obliterative ch^ges. Wh^ver 
the process begins, or whichever type it may assume in the indpiency, 
it always tends to the same effect— the loss of elasticity in tlm vessel 
coats with progressive tendency to rigidity, thickemng, elongation, and 
contraction of the vessel lumen. In the great arterial trunks, aorta and 
primary branches, the loss of elasticity leads to dilatation and aneurismal 

formation. , 

Clinically, the affected arteries are recognized as hard, roughened, 
tortuous vessels, readily palpated under the skin as they follow a 
serpentine course visible to the eye in many regions (wrists, temple, 
neck). This is most readily recognized in aged persons (senile type). 
On account of their hardness and brittleness, the arteries are ligated 
with difficulty or crushed and torn when held in forceps. In a remark- 



, Fiii. 29 — Arteriobclekorib or tub Femoral Artbrt (X 65). (Dttrck.) 

1, Adventitia; 2, winpre^Hedandatropliied media; greatly thickened intima; at 4. Hclerotip, fibrous 
tissue, noii«cellular; at 6, ncales of lime salts containing spaces filled with a fatty detritus. 

able case of aortic abdominal aneurism reported by Lozano (Saragossa) 
in 1905, when this surgeon attempted to operate by the intrasaccular 
method (Matas), the aorta crushed and crumbled under the pressure of 
the elastic forceps used to control the circulation of the vessel, so that 
the fragments of chalky matter formed in the sclerotic artery, tore 
through the vessel-wall, causing hetnorrhage which could not be con- 
trolled except by leaving a forceps on the artery at a higher point. 
When calcareous degeneration has occurred, it appears distinctly in x-ray 
pictures as a well-outlined shadow (Fig. 30), Levy-Dom claims that 
even the coronary arteries of the heart when sclerosed can be demon- 
strated in the radiographs. 

Clifford Allbutt divides arteriosclerosis into three great clinical 
types: <1) The senUe, not necessarily associated with increased arterial 
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tension; (2) the mechanical, resulting from long-continued hypertenmon 
of the arteries of whatever origin; (3) the toxic, in which hypertension 
occurs as a rule (nephritis). The general fact to be remembered is 
that the process, when generalized, almost invariably begins as a func- 
tional overstrain of the artery. Added to tliis general cause we must 
consider as determining or associate etiologic factors all the vascular 
poisons, alcohol, tobacco, ergot, lead, mercury, and phosphorus ; the 
infectious diseases, especially syphilis, typhoid, tuberculosis, leprosy, 


d e 



Fta. 30. — Atiibhomatous Artiobisb in a Man of Sixtt-onb Shown bt tub op-Uatb. (Cabo 
of Keen, skiagrAphed by MongeB, Jeffetson HonpitAl.) 
a, Bradiial artery; 6, bifurcation; e, radial, d, ulnar arteriee. There was a posterior dislocation 
of the elbow, which had been reduced, and a fracture of the head of the ladiUB, which shows. 

the chronic disorders of metabolism, with their autogenic poisons, 
many which tvre not yet known and in which we provisionally 
included gout, diabetes, arthritis deformans, violent physical ex- 
ertion with acute dilatation of the heart, disorders of the central and 
peripheral nervous system which affect the trophic control of the 
blood-vessels (tabes, syringomyelia, neuritis), overeating and drinking, 
worry and p^chic wear and tear, extremes of temperature, eqiecially 
cold. 

The effects of mrteriosderosis are: (1) Disturbances in the general 
eirculati<m and the function of„tfae individual organs, due to the diminished 
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elasticity and stenosis of the vessels, most marked when the veins are 
simultaneously sclerosed (varices); (2) ischemia of the peripheral parts 
below the obstructed arteries (in the terminal stages, when the lumen 
is obliterated by proliferation of the intima or the formation of a 
thrombus). When these conditions are combined with impaired, 
dilated heart action and sclerotic collaterals, mortification, usually of 
the dry, mummified type, tal<cs place in the dependent parts, as, for 
example, senile gangrene of the toes and fingers, followed often by 
embolic gangrene of the entire limb; (3) rupture of blood-vessels, es- 
pecially of the central cerebral arteries, leading to apoplexy; (4) milia^ 
aneurisms in tlie cerebral and visceral arteries (splenic, mesenteric, 
renal, etc.); (6) aneurisms in general, but more especially of the aorta 
and great central arteries of the fusiform and sacculated types; (6) 
thrombosis. 

The very interesting experimental data which have accumulated since 1903, 
when Josu4 first succeeded in producing sclerotic and degenerative lesions of this 
type in the aorta of rabbits, and since confirmed by a great number of investigators, 
.have not yet succeeded in elucidating the problem of the etiology of arteriosclerosis 
in all its phases. These investigations, however, have distinctly contributed to a 
clearer and better defined conception of the arterioeiplerotio process. It has been 
denied that the experimental lemons produced in rabbits by adrenalin, digalen, 
nicotin, and other substances are the same as those of human arteriosclerosis. 
The points of similarity are, however, too striking to be denied, and are, to all intents 
and purposes, the same, outside of the mode of causation. 

The Presenile Type of Arteriosclerosis. — In addition to the 
senile type of arteriosclerosis previously referred to, which leads to the 
dry gangrene of the extremities, there is still another, a presenile type 
of acute arterio£^6lero8is, so-call^ ** obliterative endarteritis'' of Fried- 
l&nder (1876), which causes gangrene of the extremities in otherwise 
apparently healthy men in the prime of Ufe-^between the twentieth and 
fortieth years. The disease usually attacks the lower eartremities, begin- 
ning, preferably, in the left foot. It is essentially a disease of males 
(120 men to 7 women). It is a curious fact that the majority of these 
cases have been observed in Russian or Polish Jews. The combined 
statistics of Higior, (loldfiam, Idclsohn, etc., show that in 68 cases 
there were 65 Hebrews. However, I have observed the disease in 
Anglo-Saxons and native Americans of non-Semitic origin, and do 
not believe it to be a racial disease. Syphilis, alcohol, diabetes, 
and premature senility can all be positively excluded in many cases. 
Hereditary influences may act as a predisposing cause, brothers and 
sisters often being attacked. Intermittent claudication, muscular 
cramps, and erythromelalgia in the lower limbs from whemia 
usually precede tto appearance of the gangrene, which, beginning in the 
toes,^ spreads^ gradually upwai'd as a dry gangrene of the leg, often 
requiring amputation at the thigh. The pathology of this is 

explained in two ways: Rrst, those who agree with FriedUnder (1872) 
and voft Winiwarter (1870), who attributed the closure of the vessel 
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to proliferation of the intima; and, second, those who interpret the 
pro(^ as a type of arteriosclerosis in which desquamation of the 
endothelium in the popliteal artery leads to a thrombotic (white) clot 
and occlusion of the arteries which progresses by peripheral extension. 
Quite recently, Buerger has thrown the weight of histologic evi- 
dence in favor of' the second view. He has demonstrated that the 
veins as well as the arteries participate in the process, hence the term 
“ thrombo-angiitis obliterans ” which he proposes. Thus far the essen- 
tial cause of this remarkable lesion is unknown. Buerger’s researches 
suggest a toxic origin. 



Fio. 31. — Abtbht and VaiHH, rhowino Oo’rakBNT Staobs op thb OBuraiiATivn TueHBonc 

PsocBSft. (Buencer.) 

Above there are two raoently thrombosed veins ; in the center and below, an artery and vein 
are fiUed with sclerotio oa^iaA tissue (X 18). 

Polyarteritis nodosa (periarteritis nodosa) is a very rare and 
fatal form of acute arteritis, of which probably not more than 28 cases 
have been recorded in the literature Smce it was fitst accurately described 
by Kussmaul and Maier in 1866. It occurs in two forms: (1) as a 
multiple formation of small, nodular, spindle-shaped thickenings about 
thedse of a shot, resembling a miliary tubercle, and (2) in wother 
form they appear as small aneuiismal dilatations whidi scaredy ever 
attm a larger dse than a pea or acom. Thdr common cbaraeter is 
their great number on the siime vessds or series of veesds, where they 
develop like beads strung 6n.a thread. : The disease almost invarialt^ 
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attacks the visceral arteries of medium sise, the mesenteric, hepatic, and 
other branches of the celiac, axis, renal, coronary arteries of the 
heart, and the cerebral arteries. The age of the patients varies from 
childhood to adult life, and four-fifths of the reported cases have 
occurred in men. The clinical history is that of a general hemic 
infection with marked neuropathic manifestations. The diagnosis of 
typhoid, dysenteiy, peritonitis, intestinal obstruction, endocarditis, 
etc., is usually made until an autopsy occasionally reveals the true 
nature of the case. Only 2 reported cases have recovered. Nothing 
certain is known of its etiology. Ilosenblatter, Freund, Jancso, and 
others believe that the arterial changes are the result of a specific 
infection. The disease is of interest to the surgeon because of the 
tendency to the formation of aneurisms (in' I case over 63 were 
counted) and arteriothrombosis, especially in the mesenteric and other 
splanchnic vessels, where the disease is likely to cause surgical com- 
plications. 

Syphilitic and tuberculous arteritis are specific types of arterial 
disease which only concern the surgeon indirectly. (See Vol. L, Chapters 
XVIII. to XXL). 

Observations of Interest in the Surgical Treatment of the 
Thrombo-arterial Obstructions of the Extremities.— In the obser- 
vation of arteriosclerotic subjects in the advanced stages, it is impor- 
tant that the clinician should not overlook the preliminary signs which 
warn him of the dangera of progressive occlusion of the vessels 
of the extremities. As Zoege v. Manteuffel, Borchardt, and others 
have pointed out, long before the appearance of the gangrene the 
patient complains of disturbances referable to the diminished circulation 
in the ai'teries. In these cases a number of symptoms referred to the 
legs and feet, erroneously interpreted as rheumatism, articular disease, 
hysteria, flat-foot, broken arch, etc., fall under this category, even though 
gangrene falls to occur. These symptoms are pain, muscular spasms, 
transitory swelling of the legs, formication, psycho-paresthesia, sudden 
cyanosis- or anemia, alternating sensations of heat and cold, pain and 
difficulty in locomotion, staggering gait, which may last a few hours 
or days and then disappear. These are the cases that Charcot sagar 
ciously recognized as far back as 1856, and accurately described undeY 
the title of “intermittent claudication.” In these conditions, as in 
the typical senile types of a teriosclerosis, when the warning ugns 
occur, extra caution should be advised in preserving the limb from 
injury or infection, no matter how trivial, in order to prevent fatal 
inflammatory stasis and necrosis. 

When gangrene actually begins, as it does gradually in the terminal 
stages of arteriosclerosis, in the farthest peripheral areas (toes), the ques- 
tion of amputation presents itself. When and where to amputate then 
becomes^ a serious questimi. The general rule of practice has been to 
wait until a line of demarcation has formed, unless a simultaneous ascend- 
ing thrombosis of the arteries occurs, leading to a rafudly progressive 
gangreM, when immediate amputation is advised, high up, usually 
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above the knee. Other operators advise amputation at the upper Oiird 
of (he leg, others prefer the Gritti operation for anatomic reasons, others 
report cases in which amputation of the foot, even as low as Chopart’s, 
Finigoff’s, and Lisfranc’s lines, have been performed without sloughing 
of the flaps. Wide differences of opinion evidently prevail among oper- 
ators of the present day. Low amputations are successful when the 
arteries are obstructed at a still lower point; they are followed by gan- 
grene when the artery is blocked higher up. It is purely accidental 
when one operator happens to have cases with low arterial occlusion, 
so that his low amputations ore successful, whereas others, with the same 
procedure, are obliged to resort to secondary and repeated amputations. 
Wliut is needed in practice is some means of recognizing the viable parts 
which are still within the zone of active circulation. Hemorrhage from 
the stump at the point of section is usually regarded as a guide to the 
proper level of amputation, but this is fallacious, because many stumps 
in which the main artery does not bleed, nevertheless heal perfectly (Dol- 
linger). It is in these cases that the “hyperemia test,” recently sug- 
gested by Mozkowicz, will prove particularly valuable. Mozkowicz’s test 
is applied as follows: The affected limb is elevated long enough to obtain 
a marked pallor of the skin, then a circular broad elastic bandage is 
applied around the thigh as high up as possible, and the constrictor is 
allowed to remain in place for five minutes. When the constrictor is 
removed, the usual hyperemic blush spreads over the limb, even though 
marked sclerosis be present. The hyperemic blush, however, is much 
less active as the ischemic areas of the foot or leg are approached. 
The red color spreads downward hesitatingly, almost imperceptibly, 
especially at the toes. Individual anemic patches persist for a long 
time, and the contrast between the red and the pale areas becomes 
marked in proportion with the extent of the arterial obstruction. It is 
evident that any operation within the pale zone will end in sloughing 
of the flaps. Mozkowicz, who has made numerous experimental and 
clinical tests with this method, shows very satisfactorily that the viability 
of the deep parts corresponds very closely with the living red skin areas, 
and that the surgeon may amputate with safety anywhere within the 
line of the pink or hyperemic s^. In this way conservative operations 
are favored, and there is less guesswork or accident in determining 
the proper level Of amputation. 

Catheterization of the Artei^iee. — When amputations ore per- 
formed for senile or arteriosclerotic gangrene in which thrombosiB has 
occurred in the vessels up to the level of the section, instead of reainpu- 
tating higher up, it wiU often be possible to make the main artery 
bleed in the stump by clearing it of dot by gwtly introducing a soft 
catheter or bulbous tipped probe (dipped in sterile vaselin) into the 
vossd lumen; by following this with gentle massage or stroking of the 
limb toward the periphery, the. artery is often completely deilred of 
dot, the blood flowing immediotdy from the deored vessd. This 
procedure, known as the “catheterisation of the artoies,” was. brigmally 
suggested and practised by Sevdreanu,;Of ftuchaiest (1896), ahd subs^ 

voih V— 7' ’ 
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queatly by Martin, of Angers, and Manqusat, of Mexico. I have 
Copied t^ procedure in all amputations in which the main vessels 
were blocked by thrombi, and always with gratifying results. 

Thrombectomy. — In cases of embolic gangrene or when this is 
threatened, it would seem rational to open the artery at the point where 
it is plugg^, remove the clot which is obstructing the blood-stream, 
suture the wound in the vessel, and restore the lumen. Simple as this 
may seem theoretically, there are many obstacles in the way of its 
satisfactory performance and in the accomplishment of its purpose. 

Seven operations of this kind have already been reported: Sabana- 
jew (1896), F. Lejars (1002), F. T. Stewart, Fhiladelpbia, 2 cases (1607), 
Witzel (1907), liene (1908), and, lastly, the case reported by Doberauer 
(Budapest) on July 3, 1907. In all instances but the last three the embo- 
lism occurred in the vessels of the lower extremities. In all, a thrombus 
re-formed promptly after its removal, and in all, except Witzel’s and 
Doberauer’s cases, the progress of the gangrene was not affected or 
arrested by the operation. Amputation h^ to be performed in all 
the cases. In Ooberauer’s patient (an axillary embolus)' the dot was 
removed fifty-two hours after the signs of obstruction became mani- 
fest. Gangrene of the fingers with ischemic contracture of the fore- 


arm had already developed. In a few hours the artery, which had 
been cleared, again became blocked with a recurrent thrombus. The 
wound was reopened and the clot removed for the second time, the 
wound in the artery being closed again by suture. Thrombosis now fol- 
lowed for the third time in three hours after the second operation, 
and, as the gangrene advanced, Doberauer decided to create an arterio- 
venous wastomosis between the axillary artery and vein above the 
otetruction. Immediately after the establishment of the anastomosis 
the veins of the arm down to the wrist filled up, and the blood could 
be seen and felt circulating in the superficial veins. The successful 
reversal of the circulation in this case was demonstrated by the pulsa^ 
tion and other signs of arterialization of the veins. This case was 
repor^ .twelve days after the operation, and the ultimate effect of this 
procure on the progress of the gangrene is not stated. It is the first 
?*'t®”ovenous anastomosis has been successfully estab- 
lished for the relief of recurrent embolic obstruction in an artery. 
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BOUNDS OP ARTERIES. 

These may be penetrating or nm-pe/ndrating and perforaJting. A 
penetrating wound divides all the coats of an artery and opens the 
lumen; non-penetrating wounds may cut through the adventitia or 
media, but do not involve the intima; they do not open the lumen of 
the artery. Perforating wounds (chiefly bullet wounds) penetrate the 
walls of an artery at two points. Wounds of arteries are also classified 
according to the degree of circumferential involvement into comjAete 
and incomjMe sections; a complete wound interrupts the continuity of 
the artery; an incomplete or partial wound only involves a part of its 
circumference. An artery may also be injured with or without loss of 
substance, when a partM section of its wall is removed, or when a 
whole segment of the artery is cut off or otherwise detached. 

According to the mode of cattecUion, arterial wounds are dasaifled 
into — (1) punctured; (2) indeed; (3) contused and lacerated; (4) gunshot 
ummds. Beddes projectiles, foreign bodies of various kinds may lodge 
in the vessel-wdL 

Punctured Wounds. — ^These may be penetrcding or non-penetrating. 
Puncture of an artery with a hypodermic needle is a typical illustration 
of this mode of injury in its most innocent form, as it leaves apparently 
no appreciable or permanent lesion behind it; the tissues seem to close 
about the tiny perforation without bleeding, provided it is removed 
forthwith. If a needle, no matter how fine, is ^owed to remain in the 
lumen of the vessel, it will promptly lead to the formation of a coagulum 
made up of a mass of blood-plates and white corpuscles which become 
agglutinated to it. If the point of the needle is rubbed agiunst the 
mtima on the opposite side, so as to scratch the endothelium, it will 
Mon lead to the formation of a white thrombus, consequent upon the 
irritation and damage done to the endothelium. 

In accordance with the laws of vascular repair, the blood-plates 
and leukocytes will at once adhere to the injured surface and lay the 
foundation for the formation of a white parietal thrombus, which will 
continue to form and gain by accretion until the lumen of the vessel is 
totally obliterated unless the needle is removed shortly after its intro- 
duction. This white thrombus formation is always provided in the 
vascular j^stem, for reparative and protective, purposes, and is gpine- 
times utilised in practice, as in tise method suggested byMaceww, for 
obliterating certain inoperable aneurisms. If the penetrating instrument 
or weapon causing a punctured ;wound is infected, it will lead to the 
formation of a septic embolus or thrombuie^ to be followed, at the 
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point of occlusion, by a purulent thrombo-arteritis. Punctured wounds 
may be caused by scissor points, pins, needles, sharp-pointed frag- 
ments of bones in fractures, etc. Fatal hemorrhage may follow even 
apparently trivial punctured wounds when these involve the great 
arterial trunks 

Not long since in my own practice a girl of fifteen years was killed by her 
younger brother who, in a fit of anger, threw a pair of scissors at her; the sharp point 
of one of the blades entered the right subclavian artery above the clavicle, and death 
followed in a few minutes, before help could reach the victim. Scarcely a drop of 
blood escaped externally, but an enormous hemorrhage had filled the pleura. A num- 
ber of fatal hemorrhages from the penetration of the aorta by fish-bones and sharp- 
pointed fragments of hone and foreign bodies lodged in the esophagus ore report^ 
by Paulet and others. At one time punctured wounds of the brachial, at the bend 
of the elbiiw, were not rare, when the practice of venesection was universal, and was 
practised by the barbers as well as regular physicians. No immediate effects were 
noticed at the time, but arteriovenous aneurisms often developed (see Arterio- 
venous Aneurisms). Punctured wounds in which foreign bodies lodge, as in the 
neck, when the carotids are injured, may lead to serious secondaiy consequences 
(hemiplegia from embolism of the brain, etc.). 


Incised Wounds.— Incised, nan-penetraiing wounds which do not 
involve the intima are apparently of little consequence. Bougld, who 
had experimented with the view of creating aneurisms by parietal 
incisions and excisions of the adventitia and lumen, and by denud- 
ing the artery of its sheath, has always found that the wounds heal 
without evil effect of any kind in healthy animals. The incom- 
plete iTiciaed vx)unds of arteries are classically divided into the hmgi- 
tvdinalf oblique, and Iraneverse, A longitudinal wound, which runs 
parallel with the long axis of the vessel, tends to retain its linear appear- 
ance; a transverse wound, on the contrary, will gape wide open; the 
original cut is linear, but is immediately transformed into a circular 
or oval outline. The opening by a transverse wound will be three or 
four times larger than that from a longitudinal incision. The hemor- 
ihage from such a wound will, therefore, be three or four times greater, 
and spontaneous hemostasis will be proportionally difficult to obtain. 

^ ese differences between the lon^tudinal and transverse wounds are 
important from the operative point of view, because the transverre 
cuts, which involve three-fourths of the circumference of the vessel, 
c^not be sutured by lateral arteriorrhaphy on account of their great 
retraction J where^, the longitudinal, even of considerable length, can 
Therefore, also, longitudinal incisions (arteriotomy) 
should be preferred for the removal of thrombi or even bullets which 
may have migrated from other parts, and the vessel closed by suture 

expectati^^ that the circulation in the 
^ r^tored if the intima is not badly injured (Schlosser), 

than an 

^ continuity of the artery 

bleed less b^^^ 

immeBiately retracts and contracts within the sheath, so that the 
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lumen of the vessel is very much narrowed. In a large dog the 
femoral artery will retract to the extent of 2 or 3 cm. or even more, 
between the divided ends, especially if the thigh is extended. By 
the narrowing of the divided ends the lumen of the vessel is very much 
reduced, friction is increased at the outlet, and spontaneous hemostasis 
is favored. When the artery is only partially divided, retraction is 
interfered with, the wound remains gaping wide without retraction, 
and spontaneous hemostasis is interfered with. 

Gunshot Wounds. — Symptomatology. — This is all summed up in the 
word hemorrhage. When a large artery is opened, hemorrhage will 
occur and blood will flow imtil the organism, as a whole, succumbs, 
unless the group of phenomena, which are summed up in the phrase 
“ spontaneous or natural hemostasis,” take place. The first step in 
this process is the formation of a clot or thrombus at the constricted 
mouths of the divided vessel, where it acts as a plug or stopper; this 
is known as ” provisional hemostasis.” If this provisional thrombus 
is not detached by external accidental conditions or the excessive 
pressure of the blood current, it will become organized — t. e., it will 
be transformed gradually into a cicatricial plug made up of connective 
tissue — thus constituting the final or permanent hemoeiasie. 

Temporary Spontaneous or Natural Hemostasis.--The cessation 
of hemorrhage, without outade intervention or surgical help, depends 
largely upon t^ caliber of the vessel injured, the structure of the vessel- 
wall, the degree of intravascular pressure, the region involved, and 
the size and nature of the wound in the vessel. The contraction 
of the lumen of a divided vessel results from the direct irrita- 
tion of the muscular fibers of the artery and is a biologic reaction. 
Its influence is greatest in those arteries in which the muscular coat is 
best developed. It is the organism’s first effort at self-protection. 
At the same time the elasticity of the artery causes a longitudinal as 
well as circular retraction of the vessel within its sheath. This narrowing 
of the caliber of the artery extends for a considerable distance beyond 
the point of section. The longitudinal elastic retraction withdraws 
the artery for a considerable distance from the surface of the wound 
within its cellular sheath. This is a purely physical phenomenon and can 
be demonstrated upon the dead body. These changes, which narrow the 
caliber of the vessel sometimes from one-half to one-quarter of its ori^nal 
diameter, are immediate and they are quickly followed by the formation 
of the obliterating thrombus or clot. This thrombus, as it is formed 
in the living blood-vessels, is very different from the simple clots that are 
formed outside of the body. The blood in escaiang from the mouth 
of the injured vessel comes in contact with a out edge of injured tissue, 
often of irregular contour, and flows into the sheath and the-surrounding 
tissues before it reaches the surface. The mere contact with tjhe in- 
jur^ cellular elements of the intima and of the damaged cells of the 
perivascular tissues at once favors' coagulation by the action of the 
vlaemase of the tissue-juicfB which contains the fibrin ferment and ' 
precipitates the fibrin of t^ blood. 
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Red or Passive Ctot and its Functions. — As a result of this pre- 
cipitation of fibrin, a red clot now forms, of the kind first described 
by Broca as jmstive clot. It is a soft, non-resistent material, made 
up of a mesh of fibrin which has entangled the red and white cells, but 
particularly the erythrocytes. By the force of the blood-current it 
breaks up almost os fast as it is formed. This red clot, formed by 
chemical action solely, would never effectively arrest the bleeding; but, 
by filling up the perivascular tissues and the space between the 
sheath and the retracted blood-vessel, it retards the violence 
of the bloodstream, which is already reduced in volume by the 
contraction of the woimd orifice and by the lowered tension of 
the blood resulting from the primary extravasation. By this com- 
bination of conditions the clot not only forms externally, but extends 
into the lumen of the vessel, where it continues to increase in density 
until it reaches the nearest collateral, where the current sweeps by 



with ^ much velocity to allow of the further extension of the 
thrombus. 

The White Thrombus and its Functions.— -As a result of this 
temporary plugging or obstruction, the velocity of the current is 

is;, T il"?."®? “ opportunity is then 

pven to the blood-plates, which always travel with the leukocytes 

stream, to linger and adhere to the cut surface, 
Md, m this way, a much stronger and more efficient plug is formed, 

^ thrombus. We have already 

that the formation of a white thrombus is invariably associat^ 
mth mjunes or lesions of the endothelial lining of tto bK^SS^ 

repaJ*TlS’J«te ***** requires protection and 

is ?SSe lymph” of the old observers) 

itoSt toTSiulS l®y^ by blood-plates which become 
^ J ^ surface, where they become agglutinated hi 
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enormous numbers and blend ultimately to form a plastic homogeneous 
deposit upon which leukocytes and fibrin filaments become attached, 
and in this way form a cement. This sticky, white mass, extending 
from the edges of the wound, gradually occludes it, forming a firm and 
resisting wall of far greater efficiency than that of the provimonal inert 
non-glutinous red clot, which acts chiefly as a temporary obturator and 
bfiffer against the blood-current, while the active cdlular clot is being 
formed. 

The formation of this white thrombus and its intimate structure 
has been especially studied by Zahn, Pitres, Eberth, and Schimmelbush, 
who describe it not as a process of coagulation, but as a congluHnatum. 
This corpuscular conglutination upon the endothelial surfaces, which 
have lost their power of self-protection, is observed as the first defensive 
phenomenon whenever and wherever blood-vessels are injured, not only 
in man, but throughout the animal kingdom. It has been observed in 
arthropods, birds, and the higher vertebrates (Loeb), and in fact is, in 
the majority of the lower forms of animal life, the essential and all- 
important mode of thrombus formation. It is only in man and the 
higher vertebrates that we find the precipitation of fibrin as a secondary 
phenomenon added to the conglutination of the cellular elements of 
the blood. 

We thus find that, in natural or spontaneous hemostasis, there 
are two kinds of thrombus formation, as previously stated: (1) a 
red clot, which only serves to retard the blood flow mechanically, 
and is made up of red and white cells plus fibrin, and (2) a white or 
corpuscular clot, which is made up of blood-plates plus leukocytes plus 
fibrin. The white thrombus thus formed rapidly narrows and obliterates 
the bleeding orifice, leaving the red thrombus undisturbed outside 
of the vessel, where it forms a cap or mantle, and the internal clot or 
stopper {"bouchon" of the French) which extends up to the first collateral 
branch. When this provisional thrombus is completed, it appears 
on section very much like a nail or long tack with a broad mushroom 
head, the peg, represented by the internal clot, being driven into- the 
lumen of the vessel from the outside. 

In partial, paridal, or inccmplde wounds the white thrombus forms 
a plaque resembling an exudate, which may or may not extend cir- 
cumferentially into the vessel, remaining, as a rule, as a mural 
thrombus, where it officiates as a protective layer until definitive or 
final organization and repair of the damaged elements have taken place. 

The spontaneous process of hemostasis, above described, is aided 
in particular eases by certain other conditions; 

(1) Coni/utim of the Artery . — If in place of a clean cut with a knife 
the artery is bruis^ or lacerated, the brittle middle and inner coats 
give way first and curl up inside of the artery. On the curled ends 
coagulation quickly takes placer hemostasis is almost initantly 
secured. This is the basis of the surgical prinmidee involved in tlw 
use of the ^craseur, the cold or hot enar^ the ahglotribe or crusluBg 
forceps, etc. . ^ ■ 
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■ (2) Laceration of the artery, by traction or twisting, acts much in 
the way. Contusions and lacerations are potent auxiliary fac- 
tors in obtaining mechanical hemostasis, because— (o) they occlude 
the vessel provisionally, by the curled-up inner and middle coats; 
(6) by increasing the area of endothelial degeneration, which favors 
the formation of white clots; (c) by increasing the perivascular trauma 
and aga-in favoring the greater liberation of the tissue juices which 
furnish the coagulating agents (“plasmase,” Duclaux). 

(3) Lang, Uniuoua, narrow tracts, forming valvular wounds; dense, 
aponeurotic spaces which confine the blood in small spaces. 

(4) Diminished arterial tension, brought about by sudden arteritd depletion and 
shock. The degree of intravascular pressuro has a most important bearing on the 
spontaneous arrest of hemorrhage. The greater the intravasoular pressure, the greater 
ate tlie difficulties to be overcome in the arrest of bleeding by thrombus formation. 
Gohnheim says: “When a gap or (Meet is produced at any point in the vascular 
system, all resistance ceases there and the blood will in consequence flow toward 
it and escape through the aperture with an mtergy which is naturally greater the 
higtier the pressure in tlic part of the vascular system involved." A thrombus ones 
esUMished obstructs the lumen of a blood-vessel injured just so long as its adhesion to 
the orifiee of the wound is suffleient to resist the intravaeetdar pressure (Senn). 

(5) Shock produces an immediate fall of the blood-pressure; and 
this alone in injuries of the large vessels will suffice to bring about a 
B}mcopal state, which may be salutaiy if it occurs before a great mass 
of blood is lost. 

. (6) Increased CoagulabUity of the Blood. — ^This tendency is increased 
in normal individuals by repeated or progressive hemorrhage. 

Provisional hemodtasis is retarded by — (1) Partial division of the 
artery, winch is thereby kept open and unretracted. (2) Adhesion 
of the sheath to the blood-vessel, as occurs in inflamed tissues, thus 
preventing the retraction of the artery. (3) Unrest, disturbance 
of the injured region by movements or manipulations which displace 
the clot. (4) Stimulation of the heart and circulation artificially by 
drugs which increase the force of the ^stolic contraction (digitalin, 
strychnin, ammoma, alcohol, etc. (6) Hemophilia, scurvy, and pur- 
puric statra. (6) Bleeding into large serous cavities, where no me- 
chanical resistance is offered to the escaping blood. 

Permanent Spontaneous Hemostasis (Organization of the 
Thrombus).- — Cicatrisation and Fined Heeding of die Arterial Wound . — 
After the provisional hemostasis is obtained and the arterial thrombus 
is fully formed, the organization of the clot begins. The provisional 
thrombus is entirely passive in the course of cicatrization. Once obtu- 
ration and hemosta^ is obtained, the function of the thrombus is; 
0 ) To act as a cushion or buffer against which the impulse of the blood 
IS received, 4nd in this manner to prevent any disturbance of the plastie 
processes which ore in progress at the seat of the injury; (2) to form 
a fr^e^rk m sc^old to support cell invasion, as the embryonal 
endothelial cells and angeioblasts proceeding from the walls of the vessel 
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invade the thrombus on all sides; (3) to serve as nutriment for these 
n^lla, which are all endowed with phagocytic properties. 

Though the clot is a dead and inert mass and takes no part in the 
living processes, by which the final closure of the vessel is secured, 
a deficiency of clot, when an artery is damaged, may be a predisposmg 
factor toward persistent, recurrent, or secondary hemorrhage, by the 
displacement of a thrombus when a large collateral opens close to the 
seat of injury. At one time it was taught that the leukocytes par* 
ticipated in the building of the new tissue or scar; but it is now universally 
recognized that the cicatrization of the artery takes place here, as in 
wounds of other tissues, by the multiplication or karyokinetic sub- 
division of the fixed tissue-cells of the intima and of the media. This 
great moss of embryonal cells group themselves into typical granula- 
tion tissue, such as is found in wounds elsewhere. This granulation 
tissue talms the place of the clot, and is itself subsequently transformed 
from the embiyonal type to the mature type of connective tissue. 

Permanent obliteration of the artery at the injured point is the 
final consequence of wounds of all arteries (veins and lymphatics also) 
in which hemostasia is obtained by the organization of an obturating 
thrombus. Sometimes the cicatrized thrombus is canalized or per- 
forated, allowing a modified lesser circulation to continue in the 
wounded ve^s; but complete occlusion is the rule. It is only, when 
the closure and repair of an arterial wound is obtained by suture 
applied according to the rules of modem technic (sec Arteriorrhaphy) 
that healing is obtained without an obturating thrombus'formation. 

Influence of Infection on the Organization of the Clot. — 
When the wound becomes infected with pyogenic microdrganisms 
and these gain access to the provisional thrombus, a septic thrombo- 
arteritis is established and the reparative process is interrupted. The 
clot is at once invaded by a host of leukocytes, which, engag^g in a 
struggle with the invading bacteria, soon convert the clot into a soft, 
puriform mass which undergoes disintegration. By thorough drainage 
and other antiseptic measures the wound may be purified and the 
germs eliminated, giving a chance to the embryonal cells to multiply 
and form the necessary granulation tissue. Not until this is accom- 
plished can definite healing of the artery be expected. 

SUBCUTANEOUS INJURIES. 

Contuaiona or Bruiaea; Rupturea; Lacerationa; Teara by Grinding or 
AUriMm; StrOching or TwitUng. — When a blow is struck ovot the skin 
and soft parts covering the path of a large artery, the vessel, m virtue 
of its mobility and elasticity, may be merely displaced or turned aside 
and thus escape violence altogether. More often the coats of the vessel 
^ be inju^ to a greater or less extent, and yet the continuity of 
the art^ will be preserved. Again, the vessd may be crushed through, 
M that its continuity is completely interrupted; or it may be tmn acroM 
by stretching, or, again, severed by spiral twists, as when ^a limb is 
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caught in a machine accident and made to turn upon its axis. All of 
these injuries may be direct, as when the wheel of a heavy cart or a rail- 
road car crushes through the thigh or leg; or indireet, when an artery, 
for example, the axillary, is torn through by the head of the humerus 
which is suddenly displaced forward in the axilla; or, what is more fre- 
quently the ease, when the vessel is ruptured by violent efforts to reduce 
an old dislocation. Likewise the popliteal and femoral are sometimes 
ruptured in attempts to break up old adhesions in the knee and hip. 
It is easily understood that the extent of the injury will vary with the 
intensity of the traumatism, and that in this way ^1 degrees of injury 
may be exhibited by the affected artery. 

ConhuioK.— With Delbet, Bougl6, and the French authors we may 
also recognise different degrees of contusion. In the first degree, the 
intima or internal tunic alone is involved, and a small local defect or 
alteration in the intima will follow, which may be covered over by a 
protecting layer of blood-plates, fibrin, and leukocytes, constituting a 
white thrombus. This will adhere and protect the injured surface as 
a flat parietal plaster until the damage is repaired. In these trivial 
injuries the defect will be healed without interrupting the circulation 
in the arteiy, as the lumen is not completely occluded. As long as this 
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is the case the outward or clinical manifestation of the accident will 
be insignificant. 

In the second degree of contusion- the media and intima are both 
• torn and become detached from the adventitia. The two coats then 
curl up like a scroll and retract within the lumen of the vessel, thereby 
forming valve-like projections which vary considerably in length, ac- 
cording to the violence inflicted. The vessel is then simply held together 
by the thin but tough adventitia, which bridges over the gap and 
pt^rves the continuity of the vessel. The immediate effect of this 
mjury is to produM a thrombus which will at once block up the artery. 
The vessel-wall will also be so much weakened that it may tear at the 
injured pomt after feebly resisting the pressure of the blood that slowly 
mters through the curled-up inner and middle coats which block up 
the lunm of the vessel. When extravasation occu^ it is not until 
severm days have elapsed; then an appreciable hematoma forms, which 
not incre^ rapidly; but this, together with the ischemia 
of the d^al parts, will disclose the true nature of the case. 

In the AM decree the three coats are tom across and the 
interrupted. The tom ends of the vessel 
narrowed, with the aid of the 
hemostatic thrombus, wdl suffice to close up the arteiy and thus pre^ " 


SUBCUTANSOXTB INJUJUE8. 


107 


vent any extenaiyjB hemorrhage into the surrounding tissue; or, what 
happens more often, the hemostasb thus obtained is soon followed 
by the displacement of the clot and a large subcutaneous hemorrhage 
occurs. The effects of these various injuries may be summed up into — 
(1) hemorrhage, (2) gangrene, (3) traumatic hematoma, and (4) false 
traumatic aneurisms, which may be circumscribed or diffused. 

Causes of Mortification after Arterial Contusion. — Mortification 
or gangrene of the distal parts, as it usually presents itself in the lower 
limbs, owes its frequent occurrence to at least two conditions: (1) An 
arterial subcutaneous rupture, usually followed by a large extravasa- 
tion of blood which is pent up tightly under the aponeurosis, muscles, 
and unyielding peri-arterial tissues as in the popliteal space. The con- 
cealed bleeding here continues until the extravascular pressure outside 
of the artery is equal to the intra-arterial tension. The great tension 
under which the blood is kept on account of the unyielding nature of 
the surrounding tissues causes a displacement of the soft parts and an 
obstructive compression of ^1 the tissues in the vicinity of the injured 
artery. As a result, the important collateral branches which should 
convey the blood to the distal parts are also blocked up to a large 
extent in the neighborhood of the injury to the parent trunk. (2) The 
provisional hemostatic clot which plugs up the mouth of the tom 
artery is liable to break up on the distal side and to be displaced and 
thrown into the peripheral circulation as multiple emboli which block 
the peripheral vessels. (3) In crushing injuries of sufficient severity 
to cut through the vessels of the limbs, especially the popliteal and 
femoral, all the soft parts, including the secondary arterial branches 
which cross the line of contusion, participate in the injury and are, in 
turn, “blocked up.” In this way dl accessory or secondary sources of 
collateral supply to the distal parts are cut off coincidentally mth the 
“blockade” of the main trunk. 

Pfdsatmg Hematoma and TraumaHe Aneurism . — When a complete 
subcutaneous rupture of a large artery takes place, two events may 
follow in addition to, or apart from, gangrene: (1) a circumscribed 
pulsating hematoma, also described as a false consecutive or circum- 
scribed traumatic aneurism, or (2) a non-pulsatile diffuse hematoma. 
The second form of hematoma usually occurs in regions in which the 
blood can extravasate and diffuse itself without much resistance, as 
in the axilla, the groin, the thigh, and wherever the intraparterial 
pressure is sufficient to overcome the resistance of the superficial 
musculo-aponeurotic planes and fascia. The blood then escapes pro- 
gressively into the tissues, diffuring itself widely and in every direction, 
so as to cause often enormous swelling of the limbs, The swelling does 
not pulsate: The appeariance of the limb is characteristic. It becomes 
cold, pulselete, livid, and anesthetic; the skin is tense, discolo^ by 
ecchymoses, hemorrhagic blisters, and in places looks as if it would 
burst. The entire limb from the groin to the.ankle may soon swell to 
^ant proportions; not only in consequence of the mormous metravasa- 
tidn but also as the result pf*the secondary edema which follows the 
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obstruction or compression of the veins and lympbafics. The general 
effect of hemorrhage will be felt and be manifested by the signs of 
anemia, shock, and general exhaustion. These will be aggravated by 
the gangrene of the limb, which will promptly supervene if the fatal 
tension is not quickly relieved by surgical interference. 

Complications.— The danger of peripheral gangrene is always 
made doubly worse by the simultaneous injury of the accompanying 
or satellite vein, which, occupying as it does an adjoining compartment 
of the same sheath with the artery, usually suffers the same lesions as the 
artery. When the artery alone is injured and gangrene foUows, this is 
usually of a dry type. If the vein is involved also, moist gangrene 
will result. 

Infection and Suppuration.— Sometimes these extravasations are 
followed by infection and suppuration causing grave pulsating hemor- 
rhagic abscesses, wMch bring with them all the dangers and perils of 
infected aneurisms. 

Symptomatology and Diagnosis. — Injury of a large vessel may be 
suspected when very extensive extravasations or hematomas develop 
in regions which have been subjected to much strain, stretching, or 
other forms of direct or indirect trauma, as in the axilla after forcible 
attempts have been made to reduce an old dislocation of the shoulder. 
If a systolic friction murmur is heard above the seat of the injury 
and a thrill is felt by the hand on pressure over the injured artery, a 
large arterial wound is probable. This bruit, which was first described 
by V. Wahl in 1880 (the sign of von Wahl), is intermittent, isochronous 
with the pulse; of a blowing, scraping character. It is distinguished 
from the murmurs obtained in arteriovenous injuries by the fact that it 
is heard with greatest intensity at the seat of injury, and is transmitted 
along the lumen of the artery in a peripheral direction for a short dis- 
tance only. This sign, which is heard in punctured, incised, or gunshot 
wounds of the arteries, is most evident when the injury of the artery 
involves only a part of its walls and when the circulation in the vessel has 
not been wholly interrupted. The sound is caused by the contraction 
of the vessel at the injured part, either by a thrombus or by the retraction 
or curling in of the intima and media. It is sometimes present when 
the arterieq are completely divided and the blood enters the distal 
end, after diffusing itself through a circumscribed hematoma. The 
von Wahl bruit is not heard in the smaller arteries, or whenever the 
arteries are obstructed by a thrombus. 

The appewance of the limb; the absence of peripheral pulse, the 
pale, cold, shrivelled skin, at once tell of arterio-thrombotic occlusion. 
When the limb is choked up, swollen, cyanotic, and, later on, there 
is no dehydration of the fingers, there is evidently likewise a venous 
obstruction. 

The proipiOBis of these injuries is intimately related to — (1) the 
extent and severity of the trauma; (2) the presence or absence of the 
thrombus; (3) the presence or abmnce of the collateral circulation; 
(4) asw^ate injuries of bones, joints, nerves, and organs; (5) the repoii 
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involved. The inOuence of the region involved in the injury in deciding 
as to the probability of gangrene is five times as great in injuries of 
the lower as in those of the upper extremities. 

Cases of this type, in which the artery has been lacerated 
subcutaneously by direct violence, have been especially studied by 
Lejars (1898), Picquet (1906), A. Schorong (1905). Schorong reported 
45 cases (in which Lejars’ statistics are included) and classified them 
as follows^ Popliteal, 20 cases, all terminating in gangrene of the limb; 
femoral, 11, followed by gangrene in 7; brachial, 7, with gangrene in 1; 
iliac, 2, with gangrene in 2; axiUary, 1, with no gangrene; ulnar, 1, with 
gangrene 1; radial and ulnar, 1, with 1 gangrene; carotid, 1. Total, 
32 cases with 75 per cent, gangrene. 

Treatment. — When a subcutaneous injury occurs in the track of 
a large artery and a rapidly increasing hematoma develops, im- 
mediate effort should be made to control the bleeding by circular com- 
pression with the Esmarch elastic constrictor at the root of the limb 
on the proximal or cardiac side of the swelling. When the axillary, 
carotid, or femoral regions are involved and circular constriction at the 
root of the limb is impossible, the main artery must be controlled by 
direct digital pressure or by exposing the artery at a distance from 
the seat of injury and securing it with a provisional traction loop by 
which the circulation of the artery may be controlled by an assistant. 
Instead of the loop of thread, a soft padded clamp, on the Crile or Hoepff- 
ner pattern, may be adjusted to the artery as a means of provisional con- 
trol of the circulation. After it is evident that the circulation in the 
main trunk supplying the injured repon is well under control, a free 
incision should be made in the long axis of the swelling, in order to 
evacuate the clotted mass and allow of free access to the injured artery. 
Here the judgment of the operator will be taxed at times in deciding 
upon the operative procedure — ^whether to ligate and obliterate the vessel 
according to classic rules or to attempt the preservation of its lumen 
by lateral or circular suture. In the upper extremity, below the 
origin of the profunda, the risk of gangrene after ligation is so slight 
that the ligature can be applied to the brachial with safety. This 
should be done by ligating the artery above and below the tear or wound 
and dividing or excising the injured part between the ligatures. If 
the circulation is well controlled on the proximal side above the wound, 
it maybe well, before tying the ligatures, to explore the vessel for 
thrombi, which may extend for a considerable ^ance above and 
below the seat of injury, jand in this way contribute largely to the 
danger of peripheral gangrene by obstructing the ori(^ of important 
collaterals. This can be done by the use of a spiral-tipped whale- 
bone guide, such as is used for the exjdoration of urethral structures, 
or a Boft-rubbor catheter, well lubricated with sterile vaseline. 

In the lower extremities, more especially in the popliteal r^on, 
when the vtih is coincidentally injured in crush-wounds, gangrene is 
so certain to follow in the peripheral parte that, up to vmy recent 
times, the rule was invariabldi to amputate dmve the knee at onee 
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without waiting for gangrene to develop for fear that septic infection 
wodd follow, as the gangrene under these circumstances is of the moist 
and septic variety. At present the rule is to cut down u^n the 
injured vessels the moment it is evident that they have been injured. 
A free inw""" is made to the seat of injury, and the operator must 
decide between several courses — (1) If either vessel is in fair condi- 
tion and there is only a lateral tear, after clwring out the clot 
in the lumen, gentle saline irrigation and sponging, perform a lateral 
arteriorrhaphy and apply the same method to the vdn (lateral 
phleborrhaphy). (2) If either the artery or .vein is lacerated so as to 
involve three-fourths of its circumference, divide the ves^, dear out 
the thrombus, and suture it by direct end-to-end anastomosis by the 
technic to be described subsequently. (3) If the vessel is so exten- 
sivdy damaged that a resection (arteriectomy) is required exceeding 
three-fourths of an inch of the vessel, and it is evident that the divided 
ends cannot be approximated by any of the methods of circular suture, 
then a biterminal arteriovenous anastomosis may be established by the 
transplantation of a satellite vein or a section, e. g., of the opposite sa- 
phenous, according to Garrd. In view of the certainty of mortifica- 
tion of the leg and foot in these double injuries, this method, in spite 
of its uncertainty, may be given a trial by an operator who has con- 
fidence in his technic. Otherwise, the old plan of ligating each end of 
the divided vessel after clearing out the thrombus in both the artery 
and the vein, will undoubtedly be the safest and best practice. It is 
barely possible, in young subjects especially, that by relieving the 
periv^ular tension of the popliteal space, clearing out the thrombus, 
antTHmiting the obliteration of the vessel strictly to the injured area, 
'an opportunity will be given to the collaterals, if any remain unin- 
jured, to carry blood to the djstal parts and save the limb, with a minir 
mum of peripheral necrosis. 

When arterial obstruction has occurred, without gangrene following 
it, the limb should be carefully wrapped up and kept warm by artificial 
means, and immobilised in a weU-padded splint until the collateral 
circulation has had rime to devdop. If gangrene has already occuited, 
amputation should follow after the line of Hpmarftarion has formed. 
When moist gangrene is threatened, every precaution must bo taken' 
to jnev^t Septic infection and putrid decomposition by a thorou^ 
ap{dioarion of ocdurive antiseptic dressings. Should the patimit develop 
fjm encysted or circumscribed pulsating hematoma, then the same 
^ules^apidy as in the treatment of ordinary traumatic aneurisms. 

ligarioh of the main trunk at a distance, to control the bleeding in 
{Mogreastve extra vasatimis and hematoma, should always be avoided, 
..as it is liable to bo followed by secondary hemorrhage, but this ligature 
may be applied provisionaUy, merely as a traction loop, while the 
. anenes are exposed at the seat of injury and ligated, or otherwise : 
secured by the .methods previouriy refeiri^ to. 

y LigoHm M eotUiiiuUy are justified in exceptional eases oi#i - 
•B in certain injuries of the neck and head, in which it is 
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possible to reach the bleeding branch without very serious injury to 
the surrounding or vital parts, ligation of the main trunk instead 
of the bleeding branch is also permissible in certain gluteal injuries 
(often of difficult access to the direct method' of ligation); possibly, 
also, in some visceral injuries involving the peripheral branches of 
contused and lacerated org^ (kidneys, spleen,' intestines), in which 
the ligature of the main trunk is permissible as a preliminary to the 
extirpation of the damaged organ. But even in these exceptional 
cases every effort should be. made to control the bleeding artery in 
accordance with the golden rule, “ligate at the bleeding point.” 
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Treatment Df Arterial Wounds.— This may be subdivided into 
constitutional and local, in accordance with the general indications 
presented by the hemorrhage, which is the fuBdamental fact to consider 
in the treatment of wounded arteries. 

The constitutional treatment of hemorrhage and other not strictly 
operative or direct methods of dealing with the wound in the artery, 
in order to arrest the hemorrhage, will be considered under the section 
on Hemorrhage. We shall, therefore,' coniine ourselves in this section 
to the consideration of— (1) Compression; (2) forcipressure; (3) torsion; 
(4) acupressure; (5) ligation; (6) suture; (7) plastering (Brewer) and 
patching of arteriee (Carrel, etc.); (8) transplantation of vessels. 

The surgeon’s real weapons against hemorrhage are forcipressure 
with the hemostatic clamps, which are used not only as a direct means 
of urestii^ bleeding, but alM as a prophylactic hemostatic in the daily 
routine of surgical operations; torsion; the ligature and the mture. 
Ih the treatment of arterial wounds “the method of election is the 
ligature: forcipressure is a method of necessity; and the suture is the 
ideal ^thod, ” the last method, at present, undergoing a rapid evolution 
and destined to become very soon the method of election in dealing 
with the clean wounds of the larger arterial tmnks. Grafting and 
plastering the ‘ arteries, by patching with transplanted grafts or With 
adhesive and other extraneous mechaiucal devices) as w^ as trans- 
plantation of vascular segments! are.still in an experimimtal stage. 

CoffiptesBion is- the readiest, the most effectivei wd of the 
provisional or- temporary hemostatics. ^ It may be Jweiseiiflifs and 
direct when pteBsure is made it thd tdaeding poiffit, a 
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with the finger over the bleeding spot or by pinching the lips of a 
b iffin g vessel between the fingers; also, when an aseptic tampon or 
gauze pack is applied to a bleeding surface and held firmly in position 
until the ligature or suture can be applied to secure a permanent hemo- 
stasis. Mediate, indireet pressure is applied when digital or instru- 
mental compression is made over the main trunk of an artery which 
gives origin to the bleeding vessel. It is applied at the most accessible 
point on the cardiac side of the wound. It is often done when the 
injured and bleeding vessel is too near the trunk to permit the applica- 
tion of the elastic circular constrictor (Esmarch) or when other con- 
strictors and tourniquets are inapplicable. Usually, immediate direct 
compression is resorted to solely as a provisional hemostatic measure; 
but sometimes, when there is extensive oozing, it is allowed to remain 
in the form of a plmn sterile tampon, sachet, or pack impregnated with 
antiseptic and styptic remedies (compound alum powder; ferripyrin; 
adrenalin solution; gelatin solution, etc.) and packed firmly in a deep 
open wound when the bleeding is, as previously stated, more capillary 
or venous than arterial. In hemorrhagic subjects (hemophilic, icteric, 
purpuric), whose wounds bleed and ooze obstinately from constitutional 
rather than local causes, this ■ method of compression with stypic 
packs is also most valuable. 

Forcipressure. — To the use of the improved hemostatic forceps is 
largely due the enormous advance accomplished in recent years in the 
technic of surgical operations. The hemostatic forceps, when applied 
to an artery, crushes the internal and middle coats of the vessel; the 
external tunic resists and holds the edges of the internal and middle 
costs which have been crushed by the instrument, and in this way pre- 
serves to some extent the continuity of the vessel. If the forceps is 
allowed to remtun in situ for a minimum period of sixteen hours, an 
artery of the caliber of the radial will be permanently obliterated with- 
out requiring other means of hemostatic control; if it is allowed to 
remain forty-eight hours, an artery of the caliber of the femoral will 
be completely obliterated. Aseptic forcipressure (provided no infection 
occurs) obliterates the artery permanently by adhesive or plastic end- 
arteritis, the vessel becoming subsequently transformed into a fibrous 
cord at the point where it has been crushed by the forceps. If the 
pressure is not continued longer than an hour, a partial thrombus may 
form at the crushed point — provided the vessel is of large calibeiv^the 
thrombus organizing ultimately, leaving the lumen pervious. While 
forcipressure remains one of the most efiicient, ready, and satisfactoiy 
means of obtaining prophylactic and actual hemostasis in the field of 
the operation, the tendency is not to utilize these as permanent hemor. 
static agents as freely and systematically as when Koeberle, P6aD),' 
Richelot, Segond, and their pupils first popularized them in pelvic and" 
vaginal surgery. The compression of the tissues en masse — i. e., indud** : 
ing a large amount of perivascular tissue with the blood-vess el ' cauMB;" 
a necessary, necrosis and pain, and a ligature which is strictly limlti^;-;^ 
to tiw vessels is preferable. Nevertheless, the hemostatic dadiljll 
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render inestimable service whenever the ligature of an almost inac- 
cessible artery or vein is difficult or impracticable. 

Historical.— Forcipreamue, as at present understood and practised, owes its 
origin to the advocacy and example of Koeberle, of Strassburg (1866), and to 
(1867), who was chiefly instrumental, by his persistent and powerful advo- 
cacy, in popularising this method of hemostasis throughout the surgical world. 
In English-speaking countries the influence of Sir Spencer Wells was particularly 
felt in advancing the propaganda in belialf of this method. 

Torsion and angiotripsy are derivatives of forcipressure. Torsion, 
or the twisting of arteries, at one time so popular, has given way largely 
to the aseptic absorbable animal ligature, which accomplishes the same 
result with greater certainty and without irritation. It is still in con- 
stant use in dealing with the smaller vessels, but it is no longer practised 
on the large arteries. In performing torsion of a large vessel, the end 
should be isolated for half an inch at least, the isolated portion grasped 
transversely with a pair of hemostatic forceps, and the projecting end 
grasped in its long axis with another forceps, which is then twisted around 
its axis until the tunics are tom sufficiently to form a mass of shreds, 
strong and intricate enough to completely block up the artery for half 
an inch above its terminus. On the other hand, if a vessel can be 
treated by torsion, it is sufficiently accessible to apply ligature, wliich 
is just as quickly done and is more reliable. Torsion should never be 
attempted on friable arteries, arteriosclerotic vessels, or on the visceral 
arteries. Its field of usefulness is now restricted almost entirely to 
the small arteries and bleeding points encountered in the field of the 
operation. 

Angiotripsy or vasotripsy, meaning the crushing of the blood- 
vessels by a mechanical device, is a hemostatic method which originated 
with Maunoir, in 1820, who was followed by Amussat and Spier. These 
older inventions, however, have little in common with the present 
powerful crushers introduced by Doyen in 1897, and ^ce modified by 
a great many imitators. Doyen’s instruments (there are models of dif- 
erent sizes) can apply, progressively, a pressure of 800-1200 kilos to the 
surface of the vessel held in the bite of the instrument. This powerful 
vasotribe crushes not only the blood-vessels, but all the tissues that it 
holds in its bite, completely transforming the histolopc structure of 
the part crushed into a thin, unrecognizable, ribbon-like tissue, and, 
in this way, with a comparativdy little delay, large pedicles, such 
as are found attached to ovarian tumors and the bro^ ligaments, are 
reduced to the thinness of a semitranslucent, fine tissue-paper. Doyen, 
however, does not recommend that his vasotribe should be used ex- 
clusively as a hemostatic agent. He simply advocates this method as 
a means of reducing the thickness of heavy vascular pedicles, broad 
ligaments, omentum, the mesentery, and even to crush the intestines 
as a preliminary to the pc^formwee of entereotomy; the advantage 
of this reduction is that instekl 6f the large cumbeneram and hm 

TOUT— 8 ■ 
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ligatures that would be otherwise required to control the bleeding, a 
small ligature is sufficient. 

Hollander has recently invented a small hand forceps which, by 
special leverage, greatly multiplies the crushing power of the ordinary 
hemostat without materially increasing its sise. It is intended as a 
substitute for the torsion or ligature of the smtdler bleeding points. 



Tk 1 _ * k Awoiomn** m OraunoM. (KeUy-Hnnlon.) 


Electeothemic Angiotripsy.— The principle of combining galvsno- 
cauterization with a crushing of the blood-vessels with forceps was fost 
wccessfully applied by Skene, of Brooklyn, N. Y. He was inspired by 
the resulte obtained by the dder Keith, of Edinburgh, who s^maK 
lewy apphed cauterization with the actual cautery or hot iron to the 

®>^shing and ligating them. Skene: 
contarfed, with very convincmg statistics, that the combination of ^ 
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cauterization with pressure was not only a very effective substitute for 
the ligature as a hemostatic agent, but that it was far more efficient than 
any other method in preventing local recurrence after hysterectomy for 
cancer of the uterus. 

This method, however, has been brought to the greatest degree of 
efficiency by Downes, of Philadelphia. His method has found many 
strong advocates, among them G. P. Noble, Howard Kelly, and J. W. 
Bovfe, the latter having reported in 1905 203 abdominal and 27 vagi- 
nal operations, in which Downes’ apparatus had been applied as a 
preventive hemostatic. The essentid elements of the electrothermic 
method of Downes are: first, and of the greatest importance, pressure 
and heat. The angiotribe is applied to the tissues, to be "hemos- 
tased,” and the compressed ribbon thus formed is rapidly submitted 
to a temperature of not imder 212° F., thus coagulating and agglu- 
tinating, under pressure, its albuminous constituents. In addition, the 
heat travels a short distance beyond the area compressed into the 
adjacent tissue, and causes a shriveling of the intima of the blood- 
vessel, leading beyond the ribbon, dotting, therefore, occurs a con- 
siderable distance beyond the ribbon. In this instrument, the heating 
medium is an insulating ribbon of iridoplatinum, which becomes red 
hot or even white hot by the resistance it offers to the passage- of 
a suitable electric current. Bov^e, after a most extensive trial, ^ves 
it his unqualified indorsement in vaginal and suprapubic hysterectomy, 
appendectomy, ovariotomy, intestinal resection, nephrectomy, sple- 
nectomy, etc. The disadvantages of the method are the degree of 
accidental injury of adjacent organs in the pelvis by excessive heat, 
the necessity of great precision in its employment to avoid this excess 
of burning, and also the care constantly required to keep the apparatus 
m good working order. In the 230 cases reported by Bov5e he had 
two hemorrhages, not imputable, however, to the method. The in- 
strument is now used in many of the clinics of this country to meet 
special indications. 

The Ligature.— The ligature ia mentioned by Cdeus and Antyllue, by Paulus 
Ae^netuB, by the Arabian, Avicenna, in 908, and by others. After this early period 
nothing more is heard of the ligature until it was brought to light by Park’s practical 
genius (1507-9I0). It was only through his dominant personality and untiring seal 
tiiat the ligature gradually found its way into prafessional favor and displaced the 
barbarous treatment of hemorrhage by pouring boiling oil and cauterizing the blood- 
vessels with a hot iron, which was in vogue up to that time. The application of the 
ligature became more intelligible, and its applications were expanded by the mo- 
mentous demonstration of the circulation of the blood by Harvqr (1616). It was 
launched with still greater impetus by the genius of Huntor and the brilliant galaxy 
of meir— Jones, Travers, Abomethy, Sir Astiqr Cooper, Bedard, Scarpa, Porter, 
Desault, Dupuytren, And, and so many others whose names still remain as monu- 
ments to the ceaadeas surgical' activity of the latter part the eighteenth aod 
earlier part of the nineteenth centuries. Finally came ttelisterian discovery, wUoh 
thirty-five years ago gave us the aseptic dMorilNtide ligatnre. . 'Hiis ^ been pro- 
gressive improytid into its pregnt pi;aoticaIbrffitiriied fana,wd has made possibl# 
not only the advances of surgery in its new and VMt pqisiesiiaM but also tha 
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finer technie of the aseptic suture of the blood-vessels as the latest ezpresrionof 
its highest evolution. 


Action of the Ligature ; Healing of Arteries after Ligation ; FaJte of 
Ae Ligature. — The main facts involved in the appUcation of the ligature, 
including the process of cicatrization in an artery after aseptic ligation, 
may be summarized in the following propositions: (1) The essential 
factor in the obliteration of a ligated aiiery is the proliferation of the 
endothelium of the intima; the embryontd cells resulting from the mul- 
tiplication of the connective-tissue cells of the two outer tunics and 
those of the endothelium (fibroblasts) and plasma cells, uniting to form 
a typical granulation tissue which is vascularized by the angioblasts 
from the vosa vasorum, as well as from the endothelium. When this 
granulation tissue matures, a permanent cicatrix is formed which oblit- 
erates the artery. (2) The clot or thrombus formed at the seat of 
ligature may appear one hour after the ligation and is not likely to be 
delayed beyond six hours. The more aseptic the ligation and the less 
the traumatism to the coats of the vessels, the smaller the clot and the 
longer will it take to form. In the small vessels, the coagulation takes 
place up to the nearest collateral branch. In the larger vessels this 
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Fia. 36.— Tim Innominatb Akthby T1bi> with 
Stay Knots, (fiallanoe and Kchnunds.) 



Fio. 37 . — Thb Common Fbmobal Abtbht 
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and Edmunds.) 


varies* The proximal clot is generally the larger. Immediately 
above the ligature an apparent dilatation is observed (the ampulla of 
Bryant) due to the p^nce of the clot and the constriction of the 
vessel above it (J. GoUins Warren). The clot does not distend the ves- 
sel; it fits the tube loosely, and a space frequently exists between the 
clot and the vessel-wall (Fowler). (3) The organization of the clot 
by the embryonal cells of the endothelium after ligation is but another 
dlwtration of the gener^ law which underlies all vascular repair. 
Xnrombi, wherever formed, whether in the blood-vessels, in the heart 
cham^, in the loose connective-tissue spaces (hematomata), or in 
the adventitid sacs of traumatic aneurisms, are all organized— t. e., are 
transformed into fibrous masses by the substitution of a living em- 
bryonu contwefave tissue— in place of the passive coagulum, after this 
has subserved Its protective function. (4) In normal arteries and in 
aseptic conmtions complete obliteration may take place without the 
appremable formation of clot if care is taken not to injure the intima 

® ®ohditions of absolute asepsis, 
5 + lin * t^mbus at the seat of Ugature is unavoidable, but 

itjnU become m in^cant element in the process if the vessel coats 
are not injuTM md pyogouc microdrganisms are avoided. (6) The 
leukocy^ and other formed elements of the blood play no part in t£ 
q^janiiMion of a dot,, as was formerly taught by Virchow tmd other^ 
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but become very active factors in its disintegration, whenever an in- 
fected ligature is used and the thrombus is invaded by bacteria. 
(6) When infected ligatures are used, a septic pan-arteritis is developed 
wMch is quickly propagated to the endoth^um. The presence of 
bacterial toxins is immediately followed by an enormous invasion of 
polynuclear leukocytes; a thrombo-arteritis is established, which leads, 
i^t, to an extension of thrombus in the vessel and then to its rapid 
disintegration and purulent liquefaction. The ligature, then, acts not 
only as a foreign body, but as an irritant; all the reparative processes 
in the vessel-wall are arrested; the ligature ulcerates its way through 
and is cast off with the pus. Finally, the soft puruloid thrombus, 
unable to resist the pressure of the blood-column, is forced out and 
secondary hemorrhage occurs. (7) In applying a ligature in continuity, 
sufficient force should be used to obliterate the lumen with a minimum 
of injury to the vessel-wall. Obliteration of the great arteries of the 
first magnitude may be obtained without rupturing the middle and 
inner coats of the vessel by occluding the artery with as broad an 
approximation of the endothelial surfaces as possible. This is obtained 
by adopting the double or treble stay knots recommended by Bal- 
lance and Edmunds (see chapter on Ligation of Arteries). In the 
aseptic ligation of the smaller arteries the laceration of their coats is 
not only an unavoidable, but a safe practice. (8) While in the aseptic 
ligation of arteries the detachment of the vessels from their sheath is 
not necessarily attended by serious nutritive disturbances in conse- 
quence of injury to the vasa vasorum, it is always preferable to de- 
tach the sheath no more than is necessary for the proper application 
of the ligature. (9) The fate of the ligature depends largely upon the 
material used and the conditions in which it is applied. The fate of 
an aseptic ligature made of on organic material (catgut, tendon, silk, 
etc.) is to become encysted and then absorbed; even silver, lead, iron, 
and other metallic sutures become ultimately absorbed; only gold or 
platinum appear to be the exceptions. All ligature materials of animal 
origin at present in use are ultimately disintegrated by phagocytic cells. 

(10) The preferred material for the ligation of arteries is catgut or 
silk. Silk remains enej^ted in the tissues for a practically indefinite 
length of time, and catgut is absorbed in a variable time, according to 
its size and mode of preparation. For the various methods of its 
preparation, see p. 598. 

In the suture of arteries, as we shall see later, silk or linen is necessary, 
because the very fine neeidles used for this delicate work cannot be 
threaded with any form of catgut. 

(11) If the ligature has not been tied with sufficimt firmness, 

or if the knot .has slipped^ or there is too rapid softening of the ligar 
ture, the circulation throu|^ the vessd may become reestablish^. 
Again, it may happen that a diaplffagm is formed at the seat of constric- 
tion with a p^oration in its centQr> which will allow the reistab- 
lishment of the circulation through the strictured vessid (Ballance fuid 
Edmunds). . , * 
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(12) The eoUaterd circulation by which the peripheral parts are 
nourished after the occlusion of a large regional artery by a ligature or 
a thrombus, is dependent for its development upon several factors, 
some of which have not been fully accepted by all pathologists! (1) 
Reactionary afflux of blood in the ischemic or vascular territories and 
organs resulting from a stimulation of the blood sense (blood hunger) 
of the tissues deprived of blood. The cry for pabulum on the part of the 
fasting tissues is responded to by the nervous system in the form of 
a vascular reaction (vasodilator) which leads to an immediate dilatation 
in the unobstructed arterioles adjacent to the blocked vessel. The 
hyperemia immediately following the removal of an Esmarch bandage 
applied to a limb illustrates this theory or principle (A. Bier’s theory). 

(2) The unobstructed arteries in 
the vicinity of the ischemic territory 
not only dilate actively (vasomotor 
dilatation), but force the blood to- 
ward the distal parts by automatic 
rhythmic contraction of the mus- 
cularis of the media which acts in- 
dependently of the heart. (3) The 
obstruction of the main artery of a 
region by ligation or otherwise will 
increase the general arterial pres- 
sure above the obstruction propor- 
tionally to the cross-section of the 
area cut off from the general cir- 
culation. Thus the general blood- 
pressure will increase in an as- 
cending ratio as the caliber of the 
ligated arteries increases, reaching 
its maximum when the abdominal or 
thoracic aorta is ligated or suddenly 
obliterated ; the systolic work of 

Fia. 38.-<5 oi,i.at.bal c.i«!ot*Tio« areb increasing proportionally 

Lioation. (MarweOei.) Compensatory hypertrophy or 

ending in fatal progressive dilata- 
tion from overstrain (Katzenstein’s theory), (4) By these combined 
factors the collateral vessels adjacent to the obstructed artery are 
rapidly dilated and thickened (hypertrophied). With the gradual dilata- 
tion and increased pressure brought to bear upon the vessels on the prox- 
im^ side of the obstructioni the peripheral resistance also diminishes. 
This continues until the sum of the cross-section of the collaterals equals 
that of the suppressed arteiy, the peripheral parts again receiving as 
much ^eri^ blood as before the obstruction occurred. (6) The 
circulation may also be reestablished in the ligated trunk below the 
ligature by (a) direct continuation of the blood-stream in the proxi- 
mal and distal branches, (5) by the reopening of the lumen of the 
ve^ the point of constriction, owing to the yielding of a thin 
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cicatrix; (c) in cases of thrombotic occlusion, by the canalization of 
the clot. 

Causes which Interfere with the EstaMishmerU of (Ac CoUaieral Circula- 
tion. — (1) Traumatic or mechanical damt^e to the tissues of the 
region involved as a whole, including the branches of the obstructed 
artery, as in railroad and other injuries which crush limbs transversely 
to their long axis. (2) Interstitial compression and occlusion of the 
collateral branches of the main trunk by extensive diffuse extravasar 
tions or hematomas. (3) Diseases of the arteries — arteriosclerosis and 
arteritis — ^which prevent their dilatation and adaptation to the demands 
of the altered circulation; (4) coincident obstruction of the satellite 
vrins and lymphatics, thus favoring stasis in the peripheral circulation. 
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Rules for the Ligation of 'Wounded Arteries. — A series of rules 
or guiding principles known as the “golden rules” for the ligation of 
bleeding arteries have been formulated and are classical in En^ish 
surgical text-book literature since the days of Guthrie, when the emer- 
gencies of military surgery, as they arose in the great Napoleonic 
campaigns, made their value as practical guides to the operating 
surgeon most apparent. These rules have been more or less modified 
by the gradual development of surgical technic, but, in spite of their 
antiquity, stili remain unaffected in.their essential value, except in a 
few notable instances which we shall indicate in our commentaries. 
These rules were admirably summarized by Dr. John B. Roberts in 
his Text-book of Surgery, published in 1890, and I shall quote them in 
full with the additions and commentaries that have suggested them- 
selves to me as necessary in order to adapt them to the progress of 
contemporary surgery. 

L “ In cases of primary hemorrhage do not ligate arteries an 
not actually Heeding at the time, but have the patient ear^iiUy watthed.** 

** Reasons for Siis Rtde.— :(1) It is voy posriUe that Ueeding hss 
ceased permanently. (2) It’ is. <ffffioult to to sure of the art^ from 
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which the bleeding came. (3) All manipulations in wounds are to be 
avoided, unless demanded by special conditions. 

‘‘Ezceptions to this Bvle.—(1) When the injured vessel is plainly 
seen pulsating in the wound. (2) When the occurrence of very slight 
recurrent or secondary hemorrhage would be disastrous as in a very 
anemic patient. (3) When, as in transportation, the patient will neces- 
sarily be removed from surgical scrutiny.” 

[Commentaries.— {a) In military practice the rule of non-interference is observed 
even when a large hematoma or diffuse extravasation follows a gunshot or other 
deep injury, and is associated with characteristic bruit (von Wahl) and other 
evidences of wound of an important artery. These hemorrhagic accumula- 
tions should not be opened and the artery ligated unless the hematoma is distinctly 
progressive and diffused. If the hematoma remains well defined, it is the better 
practice, after applying a supporting, occlusive and immobilizing dressing, to send 
such patients to the reserve hospitals, where they can be treated as traumatic 
aneurisms with far less risk of infection and gangrene than in the field hospitals. 

(6) In civil practice, when all the conditions for a good aseptic technic are avail- 
able, all such arterial or pulsating hematomas, even though stationary and well 
defined, should be opened, the clot removed, and the artery secured by ligature or 
suture at the wounded point. When there is evidence that a profuse arterial hemor- 
rhage has taken place, the bleeding artezy should be exposed, ligated, or otherwise 
seemed (sutured, if possible) after the patient has rallied. In the pre-antiseptic 
period this practice would not have been Justified. —R. M.] 

IL “ In caseti of primary and secondary hemorrhage, the ligature should 
be applied when practicable in the wound, at the point where the artery 
bleeds and not in the continuity of the vessel” 

” Reasons for this BwZe.— (1) It is frequently impossible to know 
which artery is injured until the wound is opened. (2) Secondary 
hemorrhage may occur after ligation in continuity from the establish- 
ment of the collateral circulation. This secondary bleeding may come 
even from the proximal end of the cut vessel, if a branch of consider- 
able size is given off tetween the wound and the point of ligation. 
(3) Ligation in continuity makes a second wound, and adds the possi- 
ble complication of this wound to the patient’s original danger and 
incre^s the chances of gangrene in the periphery. — [R. M.] (4) Liga- 

tion in continuity remains, as a reserve step, still possible, if hgation 
in the wound fails.” 

” Exception to this Biiic.— None.’' 

^ [Commentary , — Since tliis rule was first established by the military obser- 
vatioDB of Quthrie and Larrey, the experience of over a centuiy has only served to 
emphasize the soundness of this Golden Rule.— R. M.] 

III. |7/ the artery is completdy severed, boOi ends shotdd be tied; if it is 
pardy divided or punctured, a ligature should be applied to the vessd on 
each side of fiuch a wound, and the artery divided between them” 

Reasons for this fiwte.— The collateral circulation will probably cause 
secondaipr hemorrhage from the distal portion of the vessel* unless 
double Ugature be adopted.” 
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“Exception to this Rule. — When the distal end cannot be found, 
pressure should be made in its vicinity/' 

When the cut edges are sound (as in incised wounds) and 
the wound is longitudinal or oblique, and does not involve more than two-thirds of 
the circumference of the vessel, and there is no infection, the attempt should be 
made to close the wound in the vessel by lateral suture without obliterating its 
lumen. When the artery is of the first magnitude and when its obliteration may 
lead to gangrene, as in the femoral or the popliteal, even when the vessel is com- 
pletely divided, an attempt should be made to restore its continuity by end-to-end 
anastomosis and thus restore the circulation in the main trunk. The importance 
of this recommendation in cases of the joint injury of both artery and vein is still 
more evident. Extensively crushed, contused, and lacerated vessels are not fit 
for suture, but may be resected and made amenable to other methods of restoring 
their continuity. Venous grafting or arteriovenous anastomoses are methods which 
arc too experimental at the present time to justify their recommendation as rules of 
practice.— R. M.] 

IV. ‘7/ a large artery ts wounded near Us originf tie it below the wound 
and tie the trunk from which U arises, both above and below the point of origin 
of the branch. If a trunk is wounded near the origin of a large branch, tie 
the parent trunk with two ligatures in the ordinary manner and apply a 
third ligature to the branch.*^ 

“ Reasons for this Rule . — ^The force of a large current of blood, near 
the internal coagulum, may lead to its displacement and cause secondary 
hemorrhage when a silk ligature causes ulceration of the external coat 
or a catgut or flat ligature is absorbed." 

[Commentary, —Jn all cases in which the obliteration of the main trunk or 
branch may lead to serious circulatory disturbances in the distal parts (carotid, 
iliac, femoral, popliteal) the wound should he sutured, if it be on the trunk, and 
the adjoining collateral, next to the wound, ligated. If the injury involves the 
collateral close to the main trunk, the collateral should be tied on each side of the 
wound and divided between ligatures, without ligating the main trunk. If the wound 
involves the brancli too near the trunk to permit of ligature, instead of ligating it 
and the main trunk (as the rule commands), the collateral should be completely 
detached and the wound of the main trunk sutured, while a ligature on the 
branch will prevent collateral hemorrhage on the peripheral side. This old 
rule should still apply only in those violent traumatisms in which it is impossible 
to restore the continuity of the main trunk by any mode of suture. The rule was 
established as a result of the old experience with the septic ligature, when the thread 
was expected to be eliminated by ulceration; it was also very proper in the days 
when the obliteration of the ligated artery was wholly dependent upon the organisa- 
tion of the thrombus; and when suppuration and secondary hemorrhage were the 
rule and not the exception. At present, when the ligature does not ulcerate through 
the artery and obliteration is obtained by adhesive or plastic proliferation of the 
intuna, and when primary union is the rule and not the exception, it is no longer 
mandatory. It still holds good, however, in all septic and imppiirative woimds in 
which infection of the lateral ligature or suture is unavoidable.— R. M.] 

V. ''OnZjf when it is impossible or impraetieable to tic the ve^sd in the 
wund, as in deep injuries of theneck, head, and pdvio vesede 
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scuitic), is ligature in continuity permissible '' — e. g,, ligature of internal 
iliac for gluteal injuries; of external carotid for tonsillar hemorrhage. 

[Commentary. ‘-Never ligate the main trunk of an artery for the control of 
hemorrhage at a distance, when the brandi that directly supplies the Heeding region 
can be secured. This applies to all the large arteries, but particularly to the com- 
mon carotid, which is often ligated for tonsillar, maxillary, lingual, and other hemor- 
rhages which could be controlled by the ligation of the external carotid, thereby 
avoiding the dangers of secondary cerebral degenerative disturbances, especially 
in arteriosclerotic and aged subjects. — ^R. M.] 

VI. " Always ligate the main trunk of an artery ai a distance from the 
nearest collateral when given off at a bifurcation*^ 

Example , — External carotid. 

[Commentary . — For reasons given in Rule IV. this old precept does not hold 
at present when the ligature is applied to a main trunk in aseptic operations, 
as tlie presence of a collateral branch in the neighborhood of an aseptic 
ligature does not increase the risk of secondary hemorrhage if primary union 
takes place. On the other hand, while it is true that an aseptic ligature can 
be applied on a collateral branch close to the main trunk without incurring 
any risk of secondary hemorrhage, it is, nevertheless, quite possible (when the 
ligature is applied close to the bifurcation of a large artery) for the thrombus 
to be detached from the ligated artery and bo swept into the adjoining artery 
with disastrous consequences to the distal parts. This is particularly true of 
ligatures placed on the external carotid, close to the bifurcation. Here a clot 
will form sometimes immediately after the ligation, and, in spite of the most 
perfect asepsis, be swept to the circle of Willis, with the immediate development 
of hemiplegia, aphasia, or other cerebral disturbances. It is also possible that 
in applying a ligature to the profunda, close to its origin, the superficial 
femoral may be blocked by an embolus. — R. M.] 

Provisional ligatures for temporary hemostasis have been tried 
experimentally and clinically with various materials (silk, catgut, 
elastic bands), with the object of controlling the peripheral circulation 
and securing a bloodless field, as well as of minimizing the loss of blood; 
also with the view of preventing the entrance of blood into the air- 
passages, which is a frequent cause of post-operative pneumonia. The 
carotids, iliacs, femorals, the aorta, and subclavians have been the 
v^sels especially thought of for this purpose, as circular constriction 
with a tourniquet is impracticable for prophylactic hemostasis in these 
regions. 

Technic for Provisional Ligature , — After exposing the artery by a 
typic^ incision the ligature is passed and the vessel tied with jurt 
sufficient firmness to insure the occlusion of the lumen without injur? 
mg the intima. Bothezat, Bougie, and Faure (who applied a pro^ . 
vimonal elastic ligature to the aorta to control peripheral circulation, 
while performing an inter-ilio-abdominal amputation) have especially v 
studied this question in France; Schoenbom, Senger, Riese, in 
many; and the conclusions arrived at are that the temporary ligatiGfl| 
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of the vessels is permissible on condition that the ligature be tied with 
just enough force to secure the obliteration of the lumen without 
injury to the tunics of the vessel. Even under these conditions the 
constriction is not to be prolonged more than one hour and preferably 
less (Bougl4). The pressure obtained by the elastic ligature is cumula- 
tive and liable, therefore, to do more harm than the silk or catgut liga- 
ture. Mediate, provisional ligature, as originally practised by Coselli 
and others, consists in tying a ligature over a gauze pad which protects 
the artery partially from the direct action of the ligature. 

Temporary Miteration of the lumen of a veaad by angular traction 
with a silk or catgut loop passed under the vessel and held in the bite 
of a forceps or by the hand of an assistant is a far safer procedure and 
has been used more often, probably, than any other method of direct 
provisional hemostasis. This method and all the others mentioned are 
uncertain in their effects upon the coats of the vessel. The exact degree 
of constriction depends largely upon the judgment of the individual 
operator, and if a traction loop is used the pressure is likely to be vari- 
able. In moments of alarm the assistant may pull up the vessel with a 
degree of tension that will be permanently resented by the tissues, and, 
as is known to me personally, predispose to the development of aneur- 
ism in favorable subjects at the seat of the traction. 

The method of direct instrumental compression vrith findy adjustable 
clamps is a safer procedure, as it is less dependent upon the variable 
personal equation of the operator or of his assistants. 

Temporary Instrumental Compression for Prophylactic Hemo- 
stasis. — For this purpose a number of adjustable clamps have been 
devised, of which, perhaps, the best mod^ are Crile’s, Aleggiani’s, 
Hoepfner’s, Pozzili’s, and the serreplats of Langenbeck, which have 
served such good purpose in the hand of Murphy and Carrel. 1 also 
have devised a clamp for temporary compression of the mmn trunk 
above and below an aneurism, with a view of controlling not only the 
main trunk, but the more important collaterals that are given in the 
vicinity of the pole of the sac. This special clamp, somewhat like a 
forceps described by Glilck thirty-five years ago, will be referred to 
again in connection with the treatment of aneurism. 

A number of arterial compressors have been devised for the mediate 
compression of some of the larger arteries, more especially the aorta 
(Hlrichsen’s, Skey’s, Signoroni’s, etc.), and also for direct (intraperito- 
neal) compression of the aorta in controlling the circulation of the 
vessel for the cure of aneurism — e. g., Keen’s aortic compressor. But 
the object that we have in view at present is the direct compression 
of on artery exposed and isolated by dissection with a suitable me- 
cb^cal device, which will temporarily interrupt its peripheral circu- 
lation. The effect of occlusion of the vessels hu been recently studied 
by Crile. In his experiments he used the clamp (Fig. 39), which he 
‘ levised for the purpose and which he applied eepeci^ly to the control 
^f the carotid areas. The imipediate effect on the drculation'of tem- 
oorarily closing one carotid artery was to increase the general blood- 
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pressure, but compensation soon followed. There was no effect on 
respiration. Simultaneous closure of both common carotids causes 
greater rise in the blood-pressure, which gradually returns to normal. 
In some experiments the clamps were allowed to remain on the carotids 
until the wounds healed, the wounds healing aseptically as in normal 

conditions. Even after twenty- 
^ four hours of complete closure no 

^ I apparent damage was done to the 

[; li vessel-wall. If the carotid wound 

V y became infected, then serious dam- 

r 4 age to the vessel resulted. In no 

flg ■ KM case was there clotting, emboli, or 

I I thrombi. 

V Intennediate Ligation or Su- 
fi ture (Ligature or Suture en maeae ). — 

il This designation was originally ap- 

y plied to the ligation of a large arterial 

n trunk with all the surrounding parts, 

I 2 ^ when it was not easy to isolate the 

. . n.— vessel. It was simply a rdic of the 

Fio. 30.— 1, Cuui'sCLAiiPi 2, RoBBWk Tub* j x l • i.ii. j i, a l • 

Dia roB Supping ovbb tbk Ends op thb crUdO tecblUC Of the days Of AmbroiSe 
Clamps; 3, Clamps Appubdio ArniBT. 

(Fowler.) Fare, who, even m amputation 

stumps, would include nerves as well 
as other structures in his large coarse ligatures. At the present time 
the ligature of the tissues en masse is always avoided, but in its place 
the aseptic absorbaMe catgut suture is used to control parenchymatous 
oozing in large wounds, as in amputations through muscular regions, 
where it acts as a hemostatic, obliterates dead spaces, and brings 
into apposition large raw surfaces. A large curved needle threaded 
with catgut is whipped over the oozing area as a continued whip- 
stitch; or is used sometimes as a purse-string suture which encircles 


the raw area and compresses it, bringing it together (as in the end 
of a 'stump). The use of this buried absorbable suture for approxi- 
mating deep muscular planes and aponeuroses, whether as a con- 
tinued or interrupted stitch, is gaining in favor in surgical clinics 
whenever it is desirable to close a wound without drainage or to 
diminish the area of cicatrization to a minimum. 


In ^dition to the ligature of large pedicles en masse and of other 
ticeues in which, for any other reason, the individual vessels cannot be 
separately ligated, the ligature may be used to strangulate a vascular 
growth not only in the external surfaces of the body but also in the . 
viswra; as in the case of angioma of the liver, reported by Keen, in 
which he applied an elastic ligature to the pedicle of the tumor and 
removed it after it had been completely extraperitonealized and stran‘’ .. 
gulated.* The suture en masse is also of great value in the preventive- 
as well M e<ctual control of hemorrhage in the friable parenchymatoMil:'. 
organs, like the liver and spleen, in which the ligation of the individuiid^ 
blocd-vessels is usually very difficult or impracticable. 
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In this connection the ingenious suture methods devised by Koustnetzoff and 
Penski (1896), of Ceccherelli and Dianchi (1894), Auvray (1897), Carl Beck (1902), 
Cullen (1905), Payr and Martina (1905), J. Frank, Chicago (1905), are notable 
illustrations of the utility of the massive suture, with or without prothetic aids, 
in the control of visceral hemorrhage. For a critical review of these methods, see 
W. E. Schroeder, Chicago, ‘‘Surgeiy, Gynecology, and Obstetrics," Vol. II., January, 
1906, and Garr^, Vol. V., September, 1907, of same publication. 

THE SUTURE OF ARTERIES-ARTERIORRHAPHY. 

The history of the suture of arteries begins with the notable suggestion of 
Lambert, a surgeon of Newcastle-on-Tyne, who, impressed with the dangers of the 
ligature as practised in his day, induced his colleague, Hallowell, to try to close 
a wound in the brachial artery which had been injured in a recent phlebotomy. 
The operation was performed on June 15, 1759, and though a crude method was 
adopt^, — a harelip pin run through the edges of the arterial wound, held with the 
figure 8 over it, — it was a perfect success as far as the healing of the wound and 
the apparent restitution of the circulation. This fruitful and valuable idea was 
destined, however, to remain sterile, because Assman, in 1773, found that, while the 
suture was an effective hemostatic, it led to the obliteration of the artery by throm- 
bosis. The dominant idea of the time, that thromboses immediately followed any 
irritation or injury of the blood-vessels and tliat repair could not take place in an 
artery without its obliteration by a clot, led to the universal acceptance of Assman’s 
experiments as final, and no attempt was made to revive Lambert’s suggestion for 
nearly one hundred years. It was not until the Listerian doctrine had given a new 
impetus to experimental research in surgery that the long silence was broken by 
Ghlck in 1882, who, in spite of the numerous and ingenious experiments he per- 
formed, met with scant success. Postempski, of Rome, in 1886, succeeded in closing 
a lateral wound of the femoral artery which he had caused accidentally while draining 
an iliac abscess, and thus inaugurated the modem method of suture with the first 
successful arteriorrhaphy in man after Lambert’s case. Matas followed, in 1888, 
with the suture of the ble^ing orifices in a traumatic aneurism of the brachial artery, 
which had resisted both proximal and distal ligations. Then an active experimental 
period followed with v. Horoch’s (Vienna) experiments in 1888, and the great work 
of Jassinowski of Odessa in 1889. A large number of publications followed, in 
wliich the names of Burci, Ceccherelli, Lampiasi, Muscatello, dementi, and Robert 
Abbe, of New York (1894), are conspicuous. 

The active interest of modem practical surgeons in the suture was not aroused, 
however, until J. B. Murphy published his now classic paper of 1897, and demon- 
strated by his numerous and brilliantly successful clinical as vrell as experimental 
results with his method of invagination, that end-to-end anastomosis was possible 
without the obliteration of the artery. After Murphy's publication, the status of 
the suture as a practical surgical procedure became thoroughly established, and 
tiie reports of cases and of experiments multiplied in the literature so that at 
present it may be said that arteriorrhaphy has been practised in some form by 
almost every surgeon of large experience all over the world. 

Thus far the application of the suture had been restricted largely to the closure 
arterial wounds in continuity. The lees frequent indications and more difficult 
t jchnic of drcular arteriorrhaphy have kept the number of reported cases of this 
I Tocedure. at a very low figure (24 cases to Noveihber, 1908; 120 cases of arterial 
‘iture up to October 1, 1906). 

The results in the lateral arteriozriiaphies have been satisfactofy with very few 
' ^ceptions as regards hemostasis, and ai^fubrentlyi as far as could be dstermined/ 
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g tMwi from the fimctional point of view. A doubt remains, howevw, as to the 
permanent patency of the iumen in a considerable number. Thme is one failure 
from tearing of the sutures due “to excesavely high blood-pressure " (Brewer). 
One secondary hemorrlmge in an axillary artery lacerated in reducing a dislocated 
shoulder; tlie liemorrlisge coming on twenty-one days after suture, without assign- 
able cause (Kttrte); in one case gangrene followed the suture of the popliteal, 
injured while resecting the upper tibia for sarcoma (Rotter's case). In ail, 6.4 per 
cent, inunediato failures. 

It is very likdy that a great many cases in which accidents have occurred 
have not been reported, but, taken as a whole, the results are very satisfactory. 

Smiw October 1, 1906, when tliis compilation was completed, a great many 
valuable experimental and clinical contributions have appear^ which attest to the 
growing interest of surgeons in the application of the suture in the various phases 
of vascular surgery. These additions to the statistics are too numerous to be 
even quoted in an article of this scope and purpose; furthermore, they are only 
confirmatory of the conclusions above stated. Apart from lateral arteriorrhaphy, 
the value of the suture, as a substitute for the rirmilar ligature, lias been most 
frequently and effectivriy demonstrated in the treatment of peripheral aneurisms 
by the intrasaocular suture of the arterial orifice, by the method suggested by 
myself. The reports in this respect show a steadily increasing number of con- 
tributions (106 cases up to February, 1009). 

Classification.— Arteriorraphy may be lateral or ciretdar (end to 
end). In either case, the suture may be “aided” by extra-vasal sup- 
porting appliances, which may be permanently imbedded in the 
tissues (ivory, decalcified bone, magnesium rings, glass tubes, rubber 
or horn plates, etc.), or by temporary supports, wUch remain in the 
lumen of the vessel only during the act of approximating the edges 
(see de Gaetano's method. Fig. 50, A). When the supports are used in 
the vessel lumen, they are “endo-vasal”; when outside, they are 
“extra-vasal.” The endo-vosal prothetic aids are no longer used (see 
Abbe’s method. Fig. 50, B), Of the numerous “aids” suggested and 
devised for this purpose, the mtgnesium rings of Payr (see Fig. 47) 
alone survive (see Crile’s Technic for Blood Transfusion). Circular 
arteriorrhaphy may also be classified according to the procedure 
adopted, as will Iw seen under the heading “ Circular Arteriorrhaphy.” 

The Technic of the Suture. — While no one questions now that the 
lateral auture of the large arteries is very nearly as practical, safe, and 
certain a procedure as the suture of the large vmns has proved to be, 
after a much longer experience, there are still some few questions in 
the technic that have not been definitely settled until quite recently. 
In regaid to the much-debated question, whether a suture should be 
interstitial or perforating, the accumulate evidence all shows that tto 
through-and-through suture of the edgea of an arterial wound (inclucUng 
the intima) is not only easier, more secure, but safer than the partifd 
suture, which includes only the two outer coats. This was condusivdy 
proved experimentally and clinically by Ddrfler, Hmdenhain, Silberb|^ 
Isr^, landner, and the majority of those who have followed the^,. 
This is particularly true if, in making the suture, accurate appontiiS^ 
of intima to intima is maintained. <4 
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Technic of lateral arteriorrhaphy, for longitudinal, oblique, or transverse 
wounds, not exceeding half a circumference of the artery. 

With aseptic precautionB, the sheath of the artery is exposed and opened with 
the least possible injury to the vessel and surroundings. If the circulation has not 
been controlled by a constrictor or some form of pressure on the central side, the 
main artery is compressed with the finger or gauze pack until the two ends are more 
permanently held with suitable padded clamps, which will be readily adjusted and 
which will obliterate the lumen of the vessel without constricting it. Carrel uses 
a pair of T^angenbeck’s clips, but Hoepfner’s forceps or a pair of long-bladed, thin 
elastic spring forceps with a long ratchet, and padded with thin nibber, will do. 
These should be applied at a distance from the line of suture. In dealing with some of 

the arteries the Joani procedure (Figs. 40-42) may 
be adopted; this has the advantage of controlling 
the bleeding, while the artery is held straight and 
ready for suture. In other cases, especially longi- 
tudinal wounds, Joani’s long angular forceps can be 


Fxg. 40. — JoANi’s Hbthod of Isolating and Expobino Artbbibb fob Latbbal 
Abtbhiorrhaphy. 

used with advantage to approximate the edges of the wound, and also bring the 
intima in apposition while the sutures are being introduced. After provisional 
hemostasis has been obtained, it is important that contusions, bruises, or other injuries 
of the endothelial edges of the wound be avoided and that no toothed forceps be used 
unless it be just within the maigin. It is preferable when no special forceps are at 
hand to begin by applying a traction suture at each end of the cut, penetrating 
through the thickness of the coats close to the maigin, just sufficiently to lift up the 
edges of the cut, and thus bring the endothelial surfaces in apposition. Thus a 



41.— JoANx's Mbthod or Isolatino an Abtbbt and Vbin Pbbparatobv to 
Latbbal Buturb : a, Arlezy; b , vein. 

simple continued suture can be whipped over the wound with great rapidity and 
accuracy, or an interrupted mattress suture (Joani) or a continued mattress (Dor- 
>ance) may be used. The simple whip stitch with the traction threads at each angle 
>!Ccomplishes all that is required in the amplest and most expeditious manner. 
In applying the stitch, no matter by what method, we must imitate Cifunel by using 
he very finest silk or Alsace thread No. 500, unlere the vesselB are of laige caliber, 
yhen milliner's or fine cambric needles yrith elongated eyes, or V floss " needles, 
^^ses 6-10, threaded with a No. 0 or t oculists' silk nuy be used. foilpwii^ 
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Carrel’B example, the thread should bo soaked in sterile vaselin and the edges of 
the wound lubricated with the same substance, in order to prevent thrombus for- 
mation. See that the thread fits the eye of the needle to prevent oozing at the 
punctures if the needle is larger than the thread. For the smaller arteries, such as 
the femoral and popliteal, the best results will be obtained by using the finest needles 
made for lace manufacturers by English makers. The Kirby needles, Nos. 16, 17, 
and 18, recommended by Carrel, which will carry a No. 500 silk, will accomplish 
the best results. The lips of the wound are penetrated immediatdy opposite each 
other at intervals of about I to 2 mm. (n^tOiVinch), so as to secure close coapta- 
tion. Gentle traction should be made on the thread, after the passage of each stitch, 
so as to approximate the edges as quickly as possible from the start, care being 
taken to avoid the inversion of the ed^. The principle of i?aima to irdima is to be 
always kept in mind, just as serosa to serosa is the guiding principle in intestinal 



if 10. 42. JoANi s Clamp Applxbd im Latbsal Ahi*bbiorbhapht. 


sutum TIve .heath of the artery is separately sutured over the vessd and this 
should again be supported by bringing together with buried sutures the overlying 
*)ft pi^, muscles, or aponeuroses, and tlie wound closed without drainage. 


of * "‘‘^safety of the lateral suture, the judgment 

anriTff m t uncertain upon the choice of the simplest 
The ehoiS ^ performing a circular or end-to-end anastomosis. 

of MuX *‘*® “^agination method 

^®^ invagination method of Payr, in which ab- 

3 tte mSr the Pagination, 0 ^ 

Jaboulav-BriAii m ”'“‘8‘nal confrontation of the intima (Salomoni- 

the divided Tcn nj- L ^i ej W the direct marginal appronmation of 
The «"**>»»»« nf *"^8ular or prismatic suture of Carrel, 
as the fUhdamAnt 1 ' bearing in mind Murphy’s, method 

“-.y ™ open to the objtolion, (I) th.t tl»r 

i,SL"£r“'^ ^ «.d (8) thitW ta.* 
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in the vessel lumen; and (3) all the invagination methods compel more 

stretching and take up more material to obtain a secure apposition 



Fio. 43. — ^Muhpht'b Invagination Method 
OF Artbbiorbhapht. 


Fig. 44. — BonoLtf's Invaoznatxon Method 
OF Artbriorbhaphy. 


than when the end-to-end or direct marginal anastomosis is performed. 
Nevertheless, invagination has been better understood and probably 



46, 46,— ABimoyanonB Air4MoiiaaB bt Iiaibbai, IimAirBMioB, VfrniOnfm liBnoDa 

more frequently applied than^aqy other method (up to and indudi^ 
1006 ). Yet, obtitaatii^ thrombns formatioR.iei^ta'so: frequently in 

voih V— 9 
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experimental work that its appUcation clinically is fraught with grave 
doubts as to its ultimate success. 

In justice to the method, it must be said that in 13 of the 24 cases 
of circular arteriorrhaphy, or end-to-end anastomosis, recently col- 
lected by Stitch, the anastomosis was established by Murphy's invagi- 
nation or its modifications. In 7 of these 13 cases the results were 
satisfactory in so far as the preservation of the peripheral circulation 
was obtained) though it is quite uncertain whether thrombosis occurred 
at the anastomotic joint or not. In many of these, no doubt, the 
circulation was maintained by collaterals. Of the several modifications 
of the invagination method, that recently recommended by Wieting 
Pasha, of Constantinople, is worthy of special notice as a simple and 
successful method in arteriovenous anastomosis (Figs. 46 and 46). 
This method consists essentially in intubating or implanting the 
artery into the vein by a small lateral slit made in the vein after it 
has been ligated, so as to interrupt its central circulation. The pro- 
cedure resembles Van Hook’s method of anastomosing the ureters. 
In Wieting’s case the reversal of the circulation was demonstrated 
and gangrene of the limb arrested. 

Invagination Method, — J. B. Murphy’s typical procedure. Tliis tnethod is 
applicable to all vessels of large caliber, including the popliteal and the femoral, in 
which not more than three-fourths of an inch have been removed by injury or 
excision. Possibly in the popliteal space, Scarpa’s triangle, or in the axillary space, 
where the position of the limb can be made to relieve the tension of the vessel, it 
may be used after even a larger loss in length. As in all the methods of arterior- 
rhaphy, the points to be considered in the technic are: 

(1) (Complete asepsis; (2) exposure of the vessel with as little injury as possible; 
(3) temporary suppression of the blood current; (4) control of the vessel while 
applying the suture; (5) accurate approximation of the w^ls; (6) perfect hemostasu 
by pressure after the clamps are t^cn off; (7) careful toilet of the wound. After 
obtaining temporary occlusion of the vessel with clamps, the distal end of the artery 
is incised longitudinally for a short distance, and the proximal end is invaginated 
into the distal end, which has thus been prepared to receive it. In order to invagi- 
nate the vessels, two traction or invaginating sutures are applied on the proximal 
side, a short distance from the margin, and made to penetrate the walls of the artery 
except the intima. The free ends of the loop thus formed are threaded into separate 
needles, Which are earned into the lumen of the distal artery and made to come out 
by perforating the walls at a short distance from each other. Three of these traction 
perforating sutures are placed around the vessel at equidistant points, so that, by 
making traction upon the loops, the proximal end can be readily and accurately 
invaginated into the distal end. After the invagination hm been effected, the 
perforating traction loops are tied over the distal side and the Joint is further secured 
by passing a few interrupted sutures (non-perforating) at the point of Junction of 
the two vessels. (Modifications of this procedure have been proposed by Bougld, 
Jensen, and others.) 

Payr^s Method of Circular Arteriorrhaphy with Absorbable Mag&esiaBi' 
1900. ^This is .a method of inva^nation in which an absorbable magDeeiuih 
^ is u^ as a ^visional support for the invaginated portion (intussuso^:: 
turn), to keep the lumen of the vessel open until union has taken place, 
metkod as modified by Hoepfner is as follows: After a^ pniiiii g the aiteiy 
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inva^nated, the protected Hoepfner damps are applied to each side of the injOzy 
(Fig. 47) at a sufficient distance from the seat of injury to permit of the free 
manipulation of the stumps after the injured part has been divided or resected. 
The connective tissue holding the ends of the stumps to the sheath is deared carefully 
with toothless forceps, great care being taken to avoid injury to the intima or the 
vessel as a whole, by rough handling or otherwise, for fear of thrombus formaition. 
The Hoepfner clamps when properly adjusted with just sufficient pressure to oblit- 
erate the vessel without compressing it may remain as long as three hours in situ 
without damaging the endothelium. After denuding or resecting the injured 
ai^ry, any blood remaining in the stumps is to be gently washed off with saline 
solution. The vessd-wall is then grasped at its margin with very fine dissecting 
forceps and three silk sutures are carried on fine floss needles and the smallest thread, 
through the margin, at three equidistant points. While one stump of the artery is 
being treated in this way, the other is kept covered with a gauze sponge soaked in 
physiologic salt solution. Drying of the endothelium is thus avoided and excessive 
contraction of the vessel is also prevented. The three threads attached to the 



Fig. 47. — ^Patb's Method of Cibcular Artrbiobbiiapbt. 


proximal or cardiac end are tied to the margins and the long ends held'together 
are passed through the magnesium ring, which is held in readiness on a special 
forceps (see Fig. 47). The ring is slipped, like a collar, over the vessel, after which 
traction is gently made upon the thrmls, and, as the ring is held steadily in the 
holder, the stretched cuff of the artery is rolled back and reversed sufficiently to 
cover the ring. The reversed cuff of the artery is then fastened to the ring by a 
fine, circular silk ligature which fits into a groove in the ring. The distal stump 
(intussuscipiens) is now stretched by traction on these threads and is drawn over 
the everted stump which contains the ring. Invagination of the distal into the 
proximal end is n^e secure by a final ligature tied over the whole joint on a level 
with the ring, after the-invagination has been comideted. 

Hoepfner performed 28 experiments on the carotids and femoral arteries^ of 
<3ogB. He succeeded perfectly in obtaining cireular anastomoses and in grafting 
detached sections of arteries from one part of the arterial system to the other. He 
was not able to obtain arteriovenous anastomoses without thrombosis. Be was 
^ble to transplant the kidney to ttie |iedE by uniting the renal arte^ and veins 
10 the jugulars and carotids, leaving the ureter as a fistuU m the nedc. He inqtoted 
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BUCoeasfuUy an amputated limb in one case out of three in which he tried the experi- 
ment. The rings absorb very rapidly; sometimes as fast as chromie 

eatgut; they totally disappear in six monthsi leaving, however, gas (^sts, as they 
are called, which result from the oxidation of the metal. The conditions for the 
successful application of this method are, that the artery shall not be resected for 
a greater length than 1 to centimeters, though Payr succeeded in approxiirating 
successfully a femoral vein after he had resected 4J cm., but he could obtain the 
n^ppfoxiination only by keeping the thigh in a position of extreme flexion. The 
mn gne B i um rings can be obtained in different sizes from the manufacturers, but the 
metal is so soft that it can be easily cut out of sheets and made into cylinders of 
the desired size. In transplantation experiments, in which the arteries of different 



Fxo. 48. — Bbiao and Jaboulat'b Method or Cxbculab Abtbuobbhapht. 

species of animal are brought together, thromboris invariably followed in Hoepfner’s 
experiments, but this is avoided by Carrel's technic. Payr's method has been 
adopted by Crile (with slight modifleations) to simplify his method of direct blood 
traWusion. 

Methods of Broad Marginal Confrontation.— The principle of confronting 
intima to intiiiia over a broad surface of the everted margins of the cut artery, 
witiiout invagination, was apparently suggested independently at the same time 
by Salomon! and by Brian and Jal^ulay. Salomon! has experimented most ex- 
tenrively vdth this method with the aid of his pupils, Tomasclli, Funaijoli, and 
otiiers. The same principle has been adopted by Jensen, who uses a U-shaped or 
mattress suture as originally suggested by Driau, and differing from Salomom, who 
uses a simple interrupted suture. 



Fia. 40.— HalomoHi's Method. 


As the essentials of the technic are suflieiently explained by the illustrations 
(Figs. 4fl^0), we shall briefly refer to the roodifleation of the same method by 
the latest contributor, Dorrance, of Philadelphia, who has described his procedure 
with marked precision and clearness. 

Dorrance uses Pagenstecher’s thread No. 1 on the finest sewing needle which will 
carry the thread. The hemostatic clamps are a limber-bladed forceps devised 
espeoially "for this work. The suture is intended to be used for longitudinal, obUqiin# 
OT transverse (oomplete and incomplete) wounds of the artery. 

Fig. 61 shows the application of the method to a transverse wound of an arteiyv-: 
Dorrance has experimented chiefly on large animals, 9 horses and 6 dogs; in T 
oular^ anastomoses (60 per cent.) thm was no thrombus. In 6 lateral sutui^ 
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which were made in dogs, the lumen was preserved. There was one secondary 
hemorrhage. While this method has proved satisfactory in laige animaLs, it is 



A B 


Fig. 60 .— a, Db Qabtano's Mbthod, abd B, Abbb'b Method or Artbriorbhapht. 

questionable whether the same teclinic could be as successfully applied in arteries of 
the size of the popliteal, in which the much more simple method of Carrel accom- 
plishes perfectly satisfactory results. 



Fig. 61 .— Sutdbb of Inoomplbtb Tbanbvbbsb Wound. (Doninoe.) 

Carrel’s method of circular arteriorrhaphy.is performed as follows: 

(1) Provisioiial hemostasis with elastic, flat clamps, well protected with rubber 
covers, or without rubber covers if Langenbeek's olipB a|e used, Hoepfner’s protected 
forceps (see Fig! 47) or Grile’s will do well. Endothelial traumatism with toothed 
forceps must be avoided at all times under penalty of thrombosis. 

(2) The two ends are brought in apportion. 

(3) The traction loops, which are to convert the droular ot oval outline of the 
cut arteries into triangular or prismaric surfaoes, are introduced at equidistsunt 
points of the circumferenoe, throiigli the WelmeiM of the iimigjhs, eireb^ 
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to eniar the intima as near the margin as possible. The needles are introduced 
from ^thout inward on one margin and from within outward (from intima to adven- 
titia) on the other. The loops of thread which have now transfixed the cut edges of 
the artery are tightened until the margins of the vessels are brought together and 
held, each separately, in the bite of a hemostatic clamp. The clamps are then 
turned over to an assistant, who, by making gentle traction, not only brings the 
two edges of the vessel together closer, but transforms the circular outline of the 
artery into a straight line between the lines of traction. By pulling gently upon the 
thread, even the small arteries will stretch sufficiently to pmnit a continued 
suture to be made securely and rapidly as each section of the triangle or prism 
formed by the traction of the loops brings each side to view. 

By introducing the needle into the marginal edges of the vessel, the opposed 
surfaces of the intima are brought into perfect apposition and the threads are 
scarcely exposed to the conti^ of blood in the lumen of the vessel (see Figs. 52, 
53). It is especially important that in carrying out this procedure, CarreFs instruc- 
tions to use rigorous asepsis, the finest needles and the finest silk, as described 
under the technic of lateral arteriorrhaphy, and the care in lubricating the 
threads and the edges of the cut arteries with sterile vaseline should be strictly 
followed.^ 



ClBOCLAR AbTBBIORBHAPHY. 



Since the advent of Carrel and the publication of his first American contribution 
in 1905 the scale of evidence has undoubtedly turned in favor of*tbe simpler unaided 
methods of suture, and the Carrel technic has become the method of election at the 
preront time. By the simple but extremely delicate technic which Carrel has 
devised, he has been able to accomplish almost incredible feats in uniting divided 
vessels by end-to-end anastomoses, even in such small vessels as the thyroid vessds 
of the dog. He has been able to transplant with almost unfailing success large 
sections of arteries and veins separately and by arteriovenous anastomosis to unite 
large vessels such as the aorta and the cava in the abdomen, thereby reversing 
the entire systemic circulation so as to throw the tn pjM of the arterial blood from’ 
the aorta directly into the cava, and vice versA In a like fnftntiftr he has reversed 
the drculation in the neck, transforming the jugular veins into arteries a nd the 
carotid arteries into veins; likewise, in the lower limbs, he has reversed -the our* - 
rent so that the femoral vein became a pulsating artery and the artery a pubdess 


'The recent and _ _ 

of uteries reported by S&h, Mak^i 
Baltimore, and Sweet, of Philadelp* ‘ 
the experimoital work of Carrel, 
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vein. He has reversed the circulation in the thyroid arteries and veins and trans- 
planted arterial and venous branches from one arterial trunk to another. He has 
been able to transplant the heart from one animal into the neck of anotheri uniting 
both carotids and both jugulars to the aorta, pulmonary artery, and pulmonary 
veins, obtaining such good union as to keep up the cardiac cycle in regular rhythm 
sufficiently for class demonstration and cardiographic tracings. He has transplanted 
kidneys with their vascular connections to the neck, and from one animal to an- 
other, surviving for days and weeks and secreting urine of almost a normal char- 
acter. He has transplanted ovaries; made new blood-vessels out of peritoneum, etc. 
— experiments too numerous to relate, of a very suggestive and impressive char- 
acter. At present these possess solely physiologic interest, but all are extremely 
important in demonstrating the efficiency of the technic he has devised. And the 
fact that he has been able to obtain these numerous anastomoses with almost unfailing 
success and without obliterative thrombosis is 
most impressive. The technic of Carrel or its 
modifications (Figs. 52-54) have been frequently 
applied clinically in the laleral suture of wounded 
arteries, but only eight instances of the etrcidar 
or end-to-end application of this method to the 
living human subject are recorded in the litera- 
ture (Goyancs, Lilienthal, Hubbard, Delanglade, 

Lexer, Martin, Braun, Stich). Of these the most 
conclusive success is tliat reported by H. Braun 
(Lcipzic) (Arch. f. klin. (>hir. Band 86, Hft. 3, 

1908), in which a section of the abdominal 
aorta was removed in the course of the extir- 
pation of an enormous ganglion neuroma of 
the sympathetic ; the patient, a child of O)- 
years, recovered without any circulatory dis- 
turbance. 

Indications for the Application of 
the Suture. — (1) The suture is indicated 
and should be applied in preference to 
the ligature in all longitudinal, oblique, 
or transverse wounds of the large arter- 
ies in the neck and at the root of limbs, 
in which the wound can be closed without 
obliterating the lumen of the artery. (2) 

In all complete divisions of these vessels, 
with a loss of substance from injury or 
resection, not exceeding f inch. On 
these cases, however, the better rule is 
not to attempt a direct end-to-end anas- 
tomosis when the approximatioh cannot be maintained without over- 
stretching or great tension of the injured vessels. (3) The suture is 
especially indicated in injuries of the common and internal carotid, the 
common femoral, the popliteiJ, suj^lavian, and axillary. 

The importance of restoring the eiitmlAtion in iiduriee of th^ internal s^ 
common oarodd Is made most ^parent. in adult and aigM subjilcta 
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of the well-known dangers from secondary cerebral disturbances, hemiplegia, 
aphasia, softeniQg of the brain, etc., which follow carotid ligation in spte of the most 



Fig. 55. — FnoTTiN’a Msthod of Arterial Suture. 
The four points of approximation. 


perf^ ueptie healing (11 per cent., Lestelle, 1903; 24 per cent., Lebram, 1906). 
The internal carotid has bcrai sutured twice successively, once by GlOck and once by 
Gatrt; the common carotid also by Seggel, Launay, Depage. Modem statisticB 



Method of Arterial Suturs. 
ino hem at. the points of approximation. 

ligation, fortmnnia in di«i 

a^d 21 pw ^t. m nuhtaiy practice (Raabe). The nmultaneoua ligation of 

artery«Kive.n»al«,moreftitaltotheli(e of the Ihnb (60 
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statistics of von, Bergmann 48.3 per cent., Ziegler; 55 per cent., Steiner, 1897). The 
worst prognosis from the point of view of gangrene follows when the popliteal ar- 
tery and vein are both injured or obliterated (54.5 percent., Lejara, in ordinary 
injuries, and 100 per cent, in crushing injuries, Schorong). The simultaneous injury 
of both femoral artery and vein is likewise fraught with great peril to the limb when 
the ligature is applied (gangrene in 14 out of 24 cases, Niebergall (1893); 12 in 22 
cases, Kammerer). Injury to both tibial vessels simultaneously is almost as cer- 
tainly fatal to the foot. In the upper extremity the collateral circulation is so ample 
tliat the risk of gangrene is comparatively slight. Ligation of the subclavian is fol- 
lowed by gangrene in the hand and arm in 2.01 per cent.; after axillary ligatures, 6.6 
per cent.; after brachial ligatures, 18.75 per cent., when applied immediately above 
the origin of the profunda. The axillary and the brachial have been sutured with 
greater frequency than the other arteries, probably on account of their greater lia- 
bility to injury (axillary) in the extirpation of the axillary contents in operations for 
cancer of the breast. Suture of the vessels of the upper extremity has been per- 
formed with sufficient frequency to prove its practical value. In the abdomen, 



Fxo. 57. — Frouin’s Method or Artbiual Sutube. 
Tlie finished suture. 


the abdominal aorta has been sutured three times successfully for injury in the course 
of an operation: once by Depage, of Brussels (1906), once by Berard and Cavail- 
lon (1906), once by Braun (1907). The external iliacs, common and superficial 
femorals, and popliteals have been sutured a number of times for a variety of condi- 
tions apart from traumatism, with, as a whole, very satisfactory results, considering 
tliat the operators, in the majority of instances, have not had the benefit of the 
improved technic inaugurated by Carrel. (See, also, p. 133.) 

(4) The suture is occasionally indicated after surgical incisions 
(arteriotomy) of the larger arteries and veins for the removal of septic 
or non-septic thrombi and emboli, which threaten the life of limb. 
In the 7 cases in which this has been tried (see Thrombectomy, p. 161) 
the incisions were completely closed with sutures after removal of the 
clot, the wounds heding without secondary hemorrhage. 

(5) In the treatment of arterial and arteriovenous aneurisms, to 
close the vascular orifices in the sac by my own intrasaccular method, 
or after the resection of the sac, to close the opening left in thS vessel. 

(6) After the resection of arteries involv^ in certain neoplasms 
and aneurisms. In these cases the resected portion is too long to 
permit of a direct end-to-end anastomosis, but the adjoining vein 
may be made to act as a substitute if a section of the vein'is trani^ 
planted between the severed ends of ’the s/et^ry without detaching it 
from its vascular surroundingi (partiidl venous tr(U!isplanUi^lon cf Cofrel, 
see Fig. 68). This has been done successfully in very recent casi 
reported by J. Goyanes ( 190 ^, ^popUteal aneurtom ; Erich l^zer 
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(1906), axiUary aneurism; P. Ddbet (1907), popUteal aneurism, the 
last two proving unsuccessful. 

(7) Circular arteriovenous anastomosis has been tried in cases of 
threatened gangrene of the limbs from obstruction to the main artery, 
the object of the operation being to arterudize the vein so that the 
distal parts may be nourished and the gangrene arrested. This operation 
has been tried 13 times (San Martin, 2 cases; Jaboulay, 1; J. C. 
Hubbard, 3; H. Lilienthal, 1; Ballance, 1 ; G. Torrance, 1; Tuffier,!; 
Ohran, 1; Doberauer, 1; Wieting, 1). Thus far, the results cannot be 
said to be therapeutically satisfactory except in Wieting’s case, in 
which the reversM of the circulation was successfully obtained and 
the gangrene arrested. 

The suture is contraindicated— (1) in all smaller arteries in 
which the collateral circulation is normally competent to maintain 
the nutrition of the limb after ligation; (2) in all crushed and lacerated 




wounds and arteries in which all the perivascular tissues are irreparably 
or badly damaged; (3) in all suppurating or otherwise infected 
wounds, as thrombus formation and secondary hemorrhage will cer- 
tainly follow an infection of the line of suture; (4) in all cases in which 
approximation of the divided ends cannot be obtained without over- 
stretching and in which venous grafting or substitution is impracticable. 

Seuair and Regeneration of Arteries After Suture. — ^The repair 
which follows after an arterial wound has been properly sutured, either 
by lateral or circular arteriorrhaphy, is equivalent, ultimately, to a 
complete and perfect regeneration of all the histologic elements which 
enter into the formation of the arterial wall, the elastic and muscular; 
elements being reproduced as jMrfectly as the baser elements, if the 
specimens are examined long ^ough (at least one hundred days in dogs) " 
to allow the regenwation of the elastic and muscular tissue to bo coBt^i 
pleted (de Gaetano, Faykiss). Clinical experience fully .confihns .tli^iv: 
histdogic possibility of the complete regeneration of the vessels. 
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extensive inquiry made by myself has failed to show that any 
aneurisms have formed at the seat of a previous suture. 

Patching and Plastering of Arteries. — In experimental surgery, 
wounds of arteries and veins have been closed by patching them 
with transplanted grafts taken 
from distant veins or arteries of 
the same or other individuals. 

This procedure has been applied 
in a variety of ingenious ways on 
the arteries of dogs and other 
animals by Carrel, and by Taddei 
and Mariotti on veins. Instead 
of living vascular patches or 
grafts, Dr. G. E. Brewer, New 
York, has suggested the plaster- 
ing of wounded arteries with 
sterile adhesive plaster (zinc oxid 
plaster spread over thin rubber 
tissue). In 14 experiments per- 
formed on dogs, 6 were made 
with heavier plaster, and in all 
of these the Vessel was occluded at 
the point of pressure. In all cases 
he applied the plaster without 
wounding the artery and yet 
thrombosis followed. In all, 5 
successes out of 14 experiments 
were obtained. This mode of pro- 
cedure is made sufficiently clear 
by the accompanying illustration (Fig. 59) not to require further 
description. 

Nate . — It is interesting to note that the idea of occluding wounded arteries by plas- 
teriag or, at least, covering them with a protective material, as was done originally 
by QlUck (1897), who used sheaths and patches made of animal and rubber tissue, 
by Dawbam, who used a special glue, and by Brewer as above described, was antici- 
pated and tried m a crude way by a medical student in Paris, Leconte, who wrote 
his theris on his method in 1774. His procedure consisted in wrapping a section 
of thin goose-quill around the wounded vessel and holding it in place with a ligature, 
all of which he held in place and sealed with a varnish made of '^turpentine and balm 
of Araeus.'’ The quill sheath was removed after three or four days. The wound 
was always infected and the hemostasis which was obtained is now accounted for 
by thrombotic obliteration. (See Hist. Soc. Royale de M4dioin de Paris, 1776.) 
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Surgery of the Veins. 

DISEASES AND INJURIES OF THE VEINS. 

Preliminary Anatomic and Physiologic Data.— The veins, 
embryologicaUy, are derivatives of the mesoblast and form part of 
the original germinal mass from which the blood-vessels, including 
the lymphatics and the great serous spaces, are ultimately differen- 
tiated in the embryo. The veins are continuations of the arterial 
system and, structurally considered, are identical with the arteries 
and lymphatics, except in so far as their structure has been differ- 
entiated to meet the requirements of their specific physiologic function. 
This unity of the vascular endolhelia is of great importance in surgical 
practice, since the behavior of this membrane in the processes of repair 
and regeneration is everywhere the same when subjected to the same 
conditions of traumatism or disease. Hence, the plastic results so 
readily obtained by the approximation of serous surfaces in the peri- 
toneum are to be expected in the surgery of the blood-vessels. Hence, 
also, the tendency to thrombosis and embolism is eveiywhere the same 
whenever the endothelium is injured or irritated in such a way as to 
destroy or impair its two-fold function, viz., the preservation of the 
fluidity of the blood and lymph and the uninterrupted continuity of 
the blood- and lymph-streams. 

The veins, however, in spite of their close kinship to the arteries 
and the great similarity of their histologic structure, present marked 
differences, which pve them a distinct anatomic and physiologic indi- 
viduality. The veins, like the arteries, have three coats. The internal 
coat of the veins is the same as the internal coat of the arteries, form- 
ing the only coat which the capillaries possess, and is the intermediary 
link which continues the arterial into the venous system. The middle 
coat is composed of longitudinal and circular elastic fibers, interlacing 
with involuntary muscular fibers, both of which are, however, much 
less abundant than in the arteries. The external coat is formed chiefly 
of white fibrous tissue. The coats of the vans differ from the arteries ■ 
in the thinness of the muscular coat and in the presence of valves ; 
formed by duplication or folds of the intima or serous layer in the 
suporficial and in a.few of the deep veins. The thintiflan of the mus-^: 
cular coat of the veins prevents them from having that rotundityj'^ 
elasticity, and contractility which is so characteristic of the arterieifl 
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it also permits distention or billing of the vessels when there is some 
mechanical impediment to the free return of venous blood to the 
heart. To serve this purpose, the veins possess an inherent capacity 
of limited distention which is never acquired by normal arteries. 
This is of importance in connection with the study of varices; with 
the known greater adaptation of the veins to obstructive injuries, 
and also in the greater capacity of the venous collateral circulation. 
Notwithstanding the thinness of the walls of the veins, they are rela- 
tively as strong as those of the arteries. The total capacity of the 
venous system is estimated to be fully seven times greater than that 
of the arterial, and for this reason, after death, the entire blood- 
content of the arterial s}rstem is rea^y held by the veins after the 
arteries are emptied by the last systolic contraction and the final 
contraction of the arteries (Stimson). 

The presence of valves is a peculiarity of veins. The valves support 
the blood mechanically. They are found in the- superficial venous 
system and especially in the lower extremities. This point has an 
important influence upon the development of varices and other ectatic 
diseases of veins. \^iile these valves are competent to resist the 
normal backflow of the venous current, they soon yield to a long-sus- 
tained pressure which is greater than the normal intravenous tension. 
Thus, in his notable experiments on the production of arteriovenous 
anastomosis, Alexis Carrel was able to obtain a total reversal of the 
blood-current, so that the veins became arterialized whenever the full 
arterial pressure was brought to bear against the valves by a direct 
end-to-end anastomosis with a vein. In this way the femoral and 
saphenous veins carried the arterial blood to the periphery, reaching 
the foot, and coming back as venous blood in the arteries. Under these 
circumstances, it has been shown by histologic examination that the 
veins become arterialized, not only in function, but in structure, and 
that the muscular and elastic coats of the veins become thickened and 
hypertrophied, thus resembling the arteries. This is a beautiful illus- 
tration of the law of physiologic adaptation of structure to function. 

The collateral circuit by which the blood finds its way to the heart 
after the occlusion of the great venous trunks, especially of the lower 
limbs (femorals, iliacs, axillary, cava, etc.), is at first sight more difficult 
to realize than in the arteries where the progressive subdivision of these 
vessels and the high blood-pressure of the arterial system readily pro- 
vide new routes for the arterial flow to the periphery when a main 
channel is obstructed. Abundant clinical demonstration and experi- 
mental evidence show, however, that the venous system is, neverthe- 
less, sufficiently provided with collateral routes by which the blood 
reaches the heart, unless prevented by unfavorable conditions 

When these five conditions are present (especially when the inte^ty 
of the corresponding arteries is maintained), the collateral venous circu- 
lation is established and fatal peripheral stasis from obstruction to the 
main venous trunks is avoided. Tn addition to the great capacity 
the anastomotic network and the peculiar structure, of l^e venous wall# 
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which makes it capable of dilatation, the remarkable reproductive and 
regenerative capacity displayed by veins in rapidly forming new chan- 
nels, as shown after the thrombotic obstruction of large veins by 
their reproduction over large areas after surgical phlebectomies, is also 
to be considered in accounting for the successful reestablishment of the 
collateral circulation and the comparative rarity of gangrene in the 
peripheral parts whenever the veins alone become obstructed at the 
root of limbs and elsewhere. 


PHLEBITIS. 

Phlebitis is a word first applied by Breschet (1818) to designate the 
inflammation of veins. John Hunter was one of the first observera to 
associate the evU effects (septic phlebitis), which sometimes followed 
the old practice of venesection, to infla m mations of the veins. 
Later came the notable contribution of Cruveilhier in 1834, who, 
striving to account for the constant association of thrombosis with 
phlebitis, concluded that the thrombus formation is always dependent 
upon a previous inflammation or injury of the veins. In this view 
he was contradicted by Virchow, who maintained that the phlebitis 
WM always secondary to the clotting or thrombius formation in the 
veins. For years Virchow’s views prevailed, but at present Cruveilhier’s 
dictum that thrombus formation is, as a rule, secondary to structural 
disease of the endothelium in phlebitis is universally accepted (Bougl4). 
While it is evident that there are exceptions to this general rule and 
that thrombus formation may precede the development of the phlebitic 
process, or the degenerative changes in the endothelium, with which 
thrombosis is always associated, it may be said that this state- 
ment applies to all forms of septic phlebitis in which the inflammatory 
or de^nerativc process is started by the direct deposition of micro- 
organisms in the intima by the blood-stream, or by contact with irritant 
^sons contained in the blood itself. In this respect septic phlebitis 
mff^B markedly from the septic arteritis, the inflammation beginning 
in the latter more often as an embolic thrombo-arteritis, caused by the 
detwhment of a septic fragment, set free from the heart chambers or 
tl^r vuves, the embolus becoming lodged in some peripheral artery, 
w ere it starts a secondary and septic arteritis. Again, it must also 
be reco^ised that in consequence of the sluggish circulation of the veins, 
m the lower extremities particularly, thrombotic clotting may occur 
M a' primary factor, especially in the constitutional diseases in which 
hemolytic processes are going on with great liberation of agglutinins 
from the dismtegratmg corpuscles; it is also possible for colonies of 
mi^rganisms to become locah'zed in sluggish areas of the circulation 

ferment-Uke action of their toxins before 
® alteration has been started in the endothelium. 
This musIT tea very Mceptional occurrence, however, and it may be 
thrombus formation rarely occurs in the venous 
.r di«« tt. ^^dottdUim - 
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Phlebitis, with its associate thrombosis, is a far more frequent patho- 
logic process than the corresponding lemon of the arteries. This is 
readily accounted for by — (1) The greater thinness and permeability 
of the venous coats, which ^low the microorganisms to penetrate them 
more readily; (2) by the comparative slug^hness of the venous circu- 
lation in the peripheral parts; (3) by the superficial and more exposed 
distribution of the veins in the subcutaneous areas, which subjects 
them to more frequent obstructions from injuries and extraneous 
causes; (4) by the greater coagulability of the venous blood. 

Classification. — In a general way phlebitis may be subdivided 
into: (1) Aseptic; (2) toxic; (3) septic. Aseptic phlebitis is characterized 
by the limitation of the local tissue changes involved in the process of 
repair and regeneration, and is, therefore, not, surgically speaking, 
inflammatory. The term phlebitis is, therefore, scarcely justifiable in 
such cases. 

Toxic Phlebitis . — The word aseptic has also been used to distinguish 
certain non-purulent forms of phlebitis of obscure etiology, in which 
there are unmistakable degenerative changes in the endothelium, if 
not positive inflammatory signs, and of which venous thrombosis is 
an unfailing accompaniment. In these cases the process resolves 
itself without suppuration and without any clinical or bacteriologic 
evidence of direct microbic infection. In this group the presumable 
cause of phlebitis is a toxinemia, caused by the presence in the blood 
of autogenic and metabolic poisons or of heterogenic toxins; these 
acting as irritants (amboceptors, Ehrlich) cause destructive changes 
in the protoplasm of the cells, which favor thrombus formation. These 
degenerative structural changes may, for convenience, be classed as in- 
flammatory, though they are never associated with the violent leukocytic 
reactions which characterize the true inflammations (Grawitz). Gouty, 
rheumatic, chlorotic, cachectic, and many of the aseptic postoperative 
thromboses are examples of this group. 

Septic, Non-pyogenic Phlebitis. — On the other hand, there is a 
large group of phlebites which develop in the course of infectious disease 
as an intercurrent infection, which also resolve in a benign way after 
going through a non-purulent course. In this group the degenerative 
or inflammatory changes which go on in the inner coat of the vessel are 
also of toxic origin rather than of direct bacterial etiology. But as 
the toxinemia is dependent upon bacterial activity (toxins, toxalbumins, 
etc.) and upon the presence of pathogmiic (not pyogenic) cocci, which 
may have colonized in some parts of the organism outside of the seat 
of the phlebitis (not essentially dependent upon autog^c poisons, 
as in the toxic type), we should group these, for convenience, undw 
the general title of septic non-pyogenic phlebitis. This ^up includes 
probably the majority of the pUebites which occur in the course of the 
^eral febrile infections, typhoid, tj^hus, pneumonia, the exanthemata, 
influenza, appendidtis, and in other pOstOperarive states. , 

Septic pyogenic or puriilpnt iddfbitiil if tto second aud most fos>. 
midaMe division of this septic proup. it is M sp nti s flj i^ 
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for its causation upon the localization and colonization of pyogenic 
micro-organisms (staphylococci and streptococci) in the venous walls, 
thus accounting for the great tendency to migration and metastasis 
displayed by infections of this type. The most notable examples of 
this group are the progressive and purulent phlebitis of the laterd oi 
sigmoid sinus consequent upon middle-ear disease j in the especially 
malignant type of facial thrombophlebitis caused by carbuncles and 
furuncles of the upper lip, the disease spreading rapidly through the 
ophthalmic veins to the cavernous sinus, thence to the meninges 
and the brain; in pyelophlebitis or portal phlebitis after intestinal, 
peritoneal, and especially appendicular infections; and as a sequel of 
virulent ulcers, abscesses, and wounds of the lower extremities. In all 
these forms of phlebitis, excluding the strictly aseptic type, progressive 
purulent thrombosis occurs in the veins — hence the term thrombo- 
phlebitis, which is used synonymously with phlebitis, because of the 
universal association of blood-clotting with the infectious lesions of 
these vessels. 

The prefixes peri-, meao-, and endo-phlebitis are applied here as in 
arterial pathology, to distinguish not the limitations of the inflam- 
matory process or the infectinh to either one of the three coats of the 
artery, but to accentuate or indicate the starting-point of the process 
and the seat of the most marked lesions. All forms of phlebitis invari- 
ably involve all the tunics and reach the endothelium or the intima, 
either os an initial or a terminal process. In all the toxic and non- 
pyogenic forms the process, as a rule, is started in the endothelium as 
an endophlebitis (typhoid, typhus, pneumonia, gout, the exanthe- 
mata). In the acute pyogenic forms the process begins as an endo- 
phlebitis, even when metastatic abscesses are created by migratory 
pyogenic emboli in the lungs, liver, spleen, kidneys, etc., from frag- 
ments of originally autochthonous septic thrombi. Often, however, 
the purulent phlebitis is initiated in the adventitia as a perivenous 
infection by direct inoculation with septic organisms contained in 
neighboring purulent foci (sigmoid sinusitis, in middle-ear disease, 
phlebitis in appendicular abscess, phlebitis in acute phlegmon of 
the neck). In other instances, the nature of which is still under 
investigation and in which the pathology of the phlebitic process lies 
on the bonier-line between degeneration and chronic inflammation, 
the media is apparently the seat of the initial lesion. This is the group 
of the pldeboscleroses (analogous to the arterioscleroses), in which the 
lesion insidiously attacks the muscular and elastic tunics of the media 
and gradually involves the intima, leading then to atheromatous and 
thrombotic deposits in the veins and proliferative changes in the endo* 
thelium, which contract the lumen of the vessel (varicose veins). 

In accordant with the duration and extent of the inflammatoiy 
process, phlebitis may be acute, subacute, or chronic, partial, eireutui^ : 
scribed, or diffuse. 

John Hunter classified phlebitis into three clinical types; (1) T1>6t 
adteisive or plastic forms; (2) the suppurative or purulent form; and 
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the ulcerative form. This classification has remained classic almost 
up to the present time Hunter could not conceive of any so-called 
aseptic form; his plastic form is included in our toxic non-pyogenic 
septic forms; his. suppurative form is our pyogenic septic form, and his 
ulcerative form is merely a derivation of the diffuse type of our present 
circumscribed purulent or pyogenic phlebitis. 

Etiology and Pathogenesis. — The etiology of all forms of 
phlebitis, with the exceptions previously mentioned, is inseparably 
linked with microbie infection and the autogenic toxic processes involved 
in certain forms of perverted metabolism (gouty rheumatism). The 
toxic or septic form, with which we are especially concerned, is asso- 
ciated with the presence of the pyogenic organisms, staphylococci, 
streptococci, pneumococci, bacillus typhosus, bacillus tuberculosis, the 
micro-organisms of the exanthemata, of syphilis, and other genera. Phle- 
bitis spreads most frequently by direct continuity of surface, as in. the 
malignant thrombophlebitis of the facial veins following furuncle or car- 
buncle of the upper lip; after operations upon hemorrhoids and other 
rectal diseases, which involve the hemorrhoidal plexus, and in appendi- 
citis, when the septic phlebitis spreads to the portal radicles and ends as 
a portal thrombophlebitis; in intestinal ulcerations the phlebitis spreads 
to the mesenteric plexus, causing mesenteric thrombosis and obstructive 
gangrene of the intestines. The same process is observed in some forms 
of puerperal pelvic infection or after operations upon the uterus and 
adnexa, in which the infection spreads in the direction of the blood 
current from the uterine cavity or walls to the veins in the broad 
ligaments, thence to the external iliac and femoral veins. 

Metastatic Phlebitis. — Again, in other instances in which the 
phlebitis is started at a distance from the original focus, the “leap” 
from the primary focus to the seat of the phlebitis can only be accounted 
for by metastasis, as when the infection introduced in a dissecting-room 
puncture of the index-finger is followed by a thrombophlebitis of the 
femoral veins (Charcot), or, conversely, when an infected wound of 
the knee is followed by a phlebitis of the jugular and subclavian veins 
(Qu4nu). Such “leaps” at a distance can only be accounted for by 
the fact that the infecting bacterial colonies have entered the venous 
stream and have succeeded in filtering through the pulmonary plexus, 
or through the direct communicating channels described by Webber, 
which allow an embolus to travel directly from the pulmonary artery to 
the venous radides in the lungs, etc. In this and other ways an embolus 
may find its way directly from the right to the left side of the heart 
and engage in the arterial circuit. In ascending abdominal affections 
from the peritoneal and portal tributaries the path of the infection may 
be, as shown by Retsius and Bmnard, by the portal radicles directly to 
the vena cava, tbrou^ the liver, and through the capillaries of this 
organ, which are wider than those of the lung (Gierulanos), and, there- 
fore, are pmrvious, not only to bacteria, but to minute euaboli. 

Mixed InfectioiM. — It often bappt^ that in the Co<^ ^ 
infectioim of non-pyogenic cha^actw, typtoid, typhus, etc., toeiHNUury 

-TOL.V — to ; 
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infections occur in which the staphylococci streptococci play a 
leading part and cause acute types of phlebitis, which are in no way 
etiologically with the original disease. Mixed infeetiona of 
this character are also met often in puerperal phlebitis, in which the 
-gonococci combine with the pus-cocci in creating the most formidable, 
septic disturbances. As in all infections, it is important to bear in mind, 
in the pathogenesis, that traumatism or disease involving the veins will 
always be a powerful factor in favoring the localization of a ^neral in- 
fection or determining the regional distribution of the phlebitic {nrocess. 

ThrombMis.— Whether the phlebitis begin as an endo-phlebitis or 
a peri-phlebitis, the immediate primary effect of the contact of the 
micro-organisms or their toxins with the endothelium of the vessels 
is to produce certain definite changes in the protoplasm of the 'cells, 
which lead to the coagulation of the blood and the formation of 
thrombi. (For the consideration of Thrombosis, see Vol. L, p. 418.) 

Embolism.— The most serious luid dreaded complication or sequd 
of thrombosis is embolism. (For consideration of Embolism, see 
Vol. I., p. 444.) 

Symptomatology 'and Clinical History of Phldbitis.— The toxic, 
attenuated, non-pyogenic forms and non-traumatic varieties of phlebitis 
occur most frequently and typically in the lower extremities, where 
they have been recognized and described from time immemorial under 
the name of phlegmaaia alba ddens — a term which is applied at the 
present time not only to the post-puerperal type of thrombophlebitis, 
but to the forms observed as sequela or intercurrent complications of 
abdominal operations and the infectious diseases. Usutdiy the left 
lower limb or leg is the preferred seat of the affection for reasons 
explained in dealipg with post-operative thrombosis (see chapter on 
Thrombosis and Embolism, Vol. I., p. 437). 

The period of invasionischaracterized by disturbancesin temperature, 
fever, malaise, chilly sensations, rigors — often so slight that they may 
pass unnoticed. Attention to the limb is attracted by pain which 
never f^ (hence the adjective dolens). The pain may be dull or 
acute, is usually aggravated by the least motion and by pressure 
along the line of the deep and superficial vein. The limb becomes 
edematous from the foot to the thigh, though this is variable. 

While edema is almoet an invariable accompaniment of venoue thromboeiB, its 
presence is by no means eamly accounted for. Boddaert has shown experimentally 
that the femoral at Ponpart’s ligament and even the iU se may be ligated, vdthout 
edema, as long as the lymphatics are not included. When the lymph-ehannels 
are also involved, then edema invariaMy follows. The assooation of pUetntiB witii 
ly mph a n gitis, the extent of the thrombus in the vein, th e propagation of the 
thrombotic process along important odlaterala account tax the different behavior ■ 
of phlebitic inflammations in regard to the 

Usually when there is edema the skin is tense, white, and shininffw 
wd does riot pit mudh on pressure. The inguinal glands enlarge/ the ; 
limb fte^s heavy and i^uinb; there is a hypoesthesia to the touch, which .Si 
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contraats with the acute sensibility of the veins. Paresthesia is often 
observed, which is due to coincident peripheral lesions of the nerves 
(Klippel) or to phlebitis of the intrasciatic or venous plexus of the crural 
nerve (Qu4nu}. On palpation, the diagnosis is confiirmed by feeling the 
hard, swollen, rigid, tender cords along the line of the superficial veins, 
and less distinctly if the deep veins are involved. The affected leg is a 
little warmer than the other. Later, trophoneural disturbances, muscu- 
lar atrophy, purpuric eruptions, and permanent alterations in the skin 
set in. The skin also often presents a streaked or marbled appearance, 
which is strikingly m contrast with the pallor and whiteness of the 
surrounding skin. The muscles of the calf contract and the foot 
becomes extended, assuming, in long-standing cases, an equinus or 
equinovarus attitude. 

In the milder t}q)es of phlebitic phlegmasias, the symptoms may all 
disappear in a few days and attract little or no attention. When the 
deep veins are involved, the swelling and pains as well as loss of control 
may continue for weeks or even months. The phlebitis may relapse 
by the successive invasion of new territory, each invasion being charac- 
terized by rigors and some elevation of temperature. The inflammation 
sometimes extends across from one iliac vein to another, forming what 
French authors designate as the “horseshoe” type of iliofemoral phle- 
bitis. This is alwa 3 rs a serious complication, as it completely disables 
the patient and compels the horizontal decubitus for an indefinite 
length of time. Hence, the frequency of bed-sores from direct pres- 
sure and defective nutrition (Bou^4). 

One peculiarity that must be. remembered and which distinguishes 
the venous from the arterial thrombi is the absence of any tendency to 
gangrene of the peripheral parts as a result of the venous obstruction. 

Purulent or Pyogenic Phlebitis , — The lAmUed or Cireutnecribed 
Type {wUh. Pyemia ). — ^This differs essentially from the non-pyogenic 
and toxic varieties above described by the intensification of all the local 
and constitutional signs and symptoms, and the greater acuteness and 
rapidity of the process. When the phlebitis- oripnates- in a sepitic 
wound, an inflamed ulcer, carbuncle, or . acute phlegnlon, the advent 
of phlebitis is recognized by a train of signs and symptoms which 
usually point to a joint involvement of lymphatics and veins (acute 
phlebolymphahgitis). Pain is at once felt in the limb dong the track 
of the inflamed veins. The overlying skin becomes hot, red, Md tender, 
and the lymphatic nodes in the groin swell; there is marW edema, ■ 
but the inflamed venous cords can be readily felt. The cohstitutiiond 
disturbance is marked: rigors and high temperature (103“ to 106“ F.) 
of a remittent or intermittent type, followed by profuse sweats. The 
l^enerd condition, facies of anxiety, dry and parched tongue, delirium, 
and generd distress, at once direct attention to the infectious nature of 
^he trouble. The contrast betwebn. this angry inflammatory condition, 
-rith Hs red and inflamed skin and high fever, and the white, wnmedmes 
^'old, marbled skin, of phlegmasie dba dqlene, with' its mM jytetio 
I'caction, is most striking. The leujmeyte.eount wiU s^^ 
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incTSBse in the polynuclesr snd blood-piste count, ss is the esse in all 
the pyogenic processes, contrasting in this way also with the phlegmasia 
typies, in which there is a comparatively low leukocytic reaction. The 
local "igna in a few days tell of the progressive tendency to suppuration 
by the deep infiltration and edema over the inflamed veins. Areas of 
anftiining soon develop, fluctuation is felt in one or several places along 
the line of the vein, and periphlebitic abscesses will discharge sponta- 
neously or can be evacuated by incision. The pus is reddish, grumpus, 
and thick. In some cases, in which the infection is less virulent or the 
resistance of the tissues greater, the endophlebitic foci of suppuration 
may be multiple, but they will appear as small circumscribed collections 
arranged in longitudinal series, suggesting the appearance of a chaplet 
strung on a thread. In these cases, if the vein is excised, the entire 
string of abscesses may be enucleated en masse with the vein. These 
are the more favorable cases, in which the process is limited and the 
prognosis more favorable. They contrast agreeably with the diffuse 
pyogenic variety, in which the thrombus quickly breaks down and 
softens into a purulent mass which is soon disintegrated and swept 
into the circulation. This type is more often met in the jugular tract, 
as a result of lateral sinus thrombosis from middle^ar disease, or in 
carbuncles of the lip and face, which spread along the facial and oph- 
thalmic vein to the sinuses and meninges of the brain. The clinical 
picture is then that of an acute, rapidly progressive septicemia. The 
patient may die in a few days or even hours, totally overwhelmed by 
the intensity and diffusion of the toxins, or if he survive long enough will 
succumb ultimately to exhaustion, marasmus, and a chronic pyrexia 
of a hectic type, consequent upon the succession of metastatic abscesses 
which devdop from multiple pyogenic infarcts in the lungs, liver, 
kidneys, brain, heart, the serous cavities, and the joints. 

Dii^nosis.— The diagnosis of phlebitis is, as a rule, simple and 
unmistakable. Lymphangitis is frequently associated with the process, 
especially in the acute pyogenic variety. The association with lym- 
phangitis alwa 3 rs exaggerates the edema, the redness of the skin, and 
the enlargement of the glands. In some of the varieties of toxic phle- 
bitis, the local signs, often marked externally by a normal appearance, 
may be .confused with those of muscular rheumatism and even With 
periostitis. Sometimes, the first suspicion of the existence of phlebitis 
is only roused by the occurrence of symptoms of embolism in the pul-* 
monaiy tract or in the internal organs. As a rule, the diagnosis of 
phlebitis, when we bear in mind the clinical history previously givw^ 
is easily established. 

Prognosis. — Phlebitis, of no matter what land, is always a source of 
grave concern, more espemally in the pyogenic forms. Its daogen:. 
must ^ never be overlooked, even in the mildest cases, or in the mo^. ;. 
aseptic ihterventions on the veins. Even after apparent oomplete^j 
reoovwy, death may occur suddenly from displacement of a dot. v 
P. Iferldm (1900) has called special attention to this class efS; 
oases in which fatal pulmonary embolism has. occurred weeks and evsip^S; 
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months after apparent recovery from phlebitis. In the acute diffuse 
pyogenic form in the neck and large venous trunks, the prognosis is 
almost invariably fatal. 

Treatment.— The treatment of phlebitis may be classified into 
prmnHve and curative, the latter being subdivided into (o) general, 
symptomatic or constitutional, and (6) local or surgical. 

The preventive treatment is summed up in the word ** asepsis.” 
The influence of asepsis in wounds has completdiy revolutionized sur- 
gical practice, and the old fatal types of pyemia and septicemia, which 
depended upon a primary septic l3rmphophlebitis, have now practi- 
cally vanished, ^ptic and pyogenic phlebitis still remains as a 
consequence of accidental wound contaminations and as a penalty 
for the neglect of surgical cleanliness. There are also several 
special groups of phlebitis which prevail in consequence of con- 
stitutional and unavoidable endovenous infections, against which 
there is little or no available method of prevention. In the lateral 
sinus infections of otitic origin and in the postoperative group certain 
precautions, especially in maintaining the asepsis of the auditory canal 
in the former, and avoiding unnecessary trauma as well as main- 
taining rigorous asepsis in the latter, may be regarded as the only 
available means of preventing phlebitic complications. Preventive 
treatment, by the use of internal remedies which diminish the coagula- 
bility of the blood, such as Wright’s citric acid treatment, is recom- 
mended as a preventive of thrombosis in the terminal stage of the 
great infections (typhoid, typhus, the exanthemata, etc.), in which 
the tendency to coagulation is increased. This mode of treatment 
will always be of very restricted value, because it does not counteract 
the primary cause of the thrombus formation, which lies in some form 
of toxinemia of combined exo- and endogenic ori^n. An effective or 
abortive treatment should consist, theoretically, in the prompt adminis- 
tration of a reliable antitoxin of a polyvalent type, which could at 
once neutralize or inhibit the further growth of the bacteria in the 
veins or elsewhere. The anticipation caused by the success of diph- 
theria antitoxin has not yet been realized in connection with the 
8trq)tococcal and staphylococcd infections, in spite of the efforts made 
to procure reliable antitoxic sera. But it is only in this direction that 
we may expect to prevent, abort, or arrest the progress of the infec- 
tions which are the cause of the most fatal types of thrombophlebitis. 

The curative treatment may be conetituHonal or eymptomoHe, local 
or surgical. The conatUuHonal treatment is directed to the remove 
of the general cause, if possible, as in the gouty, rheumatic, syphilitic, 
and chlorotic cases; beyond this, there is no specific treatment. The 
antistreptococeal and staphylococcal sera are usually prescribed in 
the diffuse septic forms, but thus far more as a forlorn hope rather than 
with the expectation of accomplishing any definite restdts. The same 
unfavorable experience has attended the administration qf the diver 
salts (Cr4de) by inunction or by introvmious injection of coQaigolut^ 
Nothing can be said in special.favor of the intriiyenous injection of anti-^ 
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ssptic subst Alices (forinulin solutions), nitr&te of .silver, or bichlorid 
of mercury, &11 of which would tend to do h&rm in the tre&tment of 
phlebitis by a decided hemolytic action which would favor thrombus 
formation without compensatory bactericidal action. 

Symptomatic treatment, on the other hand, is always indicated to 
diminish pain, to support and strengthen the circulation, and to favor 
elimination. The main reliance is to be placed upon the local treaiment, 
combined with good nursing, appropriate food, and moderate stimu- 
lation. The local treatment is summed up in the following indications: 
(1) Immobilization and absolute rest of the affected limb; (2) elevated 
position of the foot of the bed or of the limb to favor the drainage of 
the venous current toward the trunk. It should be covered with cot- 
ton batting, and bandaged over a padded gutter-splint of cardboard, 
extending from the foot to the thigh to immobilize the knee. 
In the superficial inflammations with much redness and heat an 
even layer of any of the kaolin mixtures may be applied between 
thin layers of gauze, like an antiseptic poultice, over the entire 
extremity and especially over the inflamed parts. A saturated 
wateiyr solution of ichthyol, painted over the entire surface, will 
also prove decidedly beneficial in cases complicated with lymphan- 
gitis. Unguentum Gr^^, mercurial ointment, and so-called local 
resolvent lotions have been recommended and applied, but none of 
these can compare in their beneficial effect with kaolin poultices, with 
or without ichthyol, or the liberal application of bro^ compresses, 
thoroughly saturated with a weak lead-and-opium lotion, which acts 
not only as a local astringent, but as a marked sedative. Immobili- 
zation and rest should be maintained for a month or more. From 
this extreme conservatism the pendulum of professional opinion is 
now swinging in the opposite direction — i. e., toward applying early 
passive movements when the signs of the acute infection have passed, 
as shown by normal temperature, a subsidence of the edema, and soften- 
ing of the hard venous cords. At this stage we recommend gentle 
passive movements of the joints and tentative surface stroking (elfleur- 
age) at a distance from the lines of infection, in order to improve the 
nutrition of the limb and activate the sluggish circulation. Massage 
is dangerous, and should not be attempted until months after complete 
convalescence has been established. 

The operative treatment of acute septic thrombophlebitis has 
in view three indications, and the procedures adopted must vary 
according to there: (1) Ligation of the vein between the thrombotic 
focus and the uninfected vein on the cardiac side, in order to obstruct 
the further ^yance of the infection, and thus prevent the entrance of . 
septic emboli into the circulation; (2) removal of the primary focus 
of infection, either by (o) direct incision into the vein, evacuation of , 
the septic- thrombus and drainage, or (6) by the extirpation of the in-- 
fected veins mth the, contained clot and its septic contents. 

. principles have been extensively ap^died to the treatment of :,-? 
phlebitis already complicated by pyemia and septicemia, or in whi0iS;>!J 
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these dreaded complications were anticipated. The older surgeons, 
who had to contend with septic phlebitis much more frequently and 
disastrously than the surgeons of the modem period, fully realized 
the advantages of protecting the circulation by putting obstacles in 
the way of infection, but the septic methods at their command often 
Aggravated the evil by adding further infection as a result of their 
procedures. In this way the practice of prophylactic ligation, throm- 
bectomy, and phlebectomy in septic phlebitis fell into disrepute, and 
it is only in the Listerian period that surgical intervention again 
boldly asserted itself, and, in contemporary practice, has accomplished 
in this field some of its miost brilliant achievements. 

The greatest progress, however, has been accomplished in the treat- 
ment of the endoeranial sinus infections of otitic origin, since Zaufal 
(1880) and Horsley (1886) first proposed the direct drainage and 
thrombectomy of the lateral sinus combined with the prophylactic 
ligature of the internal jugular. The first operation on these lines 
was performed by Arburthnot Lane (1888), followed shortly afterward 
by Ballance and Makins and a host of others. Not satisfied with the 
simple drainage of the lateral sinus at the mastoid, later operators 
(Lambotte, Chipault) have gone further in arresting the progress of the 
infection to the other sinuses by ligating the lateral sinus close to its 
origin at the torcular Herophili, Vidal (1901) actually resecting the 
lateral sinus from its origin to the mastoid in order to better control 
the infection. Macewen has successfully attacked the superior longi- 
tudinal sinus three times for septic phlebitis. 

The conquests of surgery in the infections of the dural sinuses and 
in the treatment of phlebitis of the extremities have stimulated surgeons 
to invade other and, up to quite recently, forbidden territories. Of 
these, ike operative treatment of puerperal septic thrombopM^bilis is a 
notable example. This recent acquisition has been developed chiefly 
through the advocacy of Trendelenburg. Suppel (1894) was the first 
to suggest that in doing hysterectomy for puerperid pyemia the adja- 
cent thrombotic veins should also be removed. Freund (1896), Buinm, 
and Trendelenburg were the first to act on this suggestion. The 
tluombosed and infected utero-ovarian and internal iliac veins are ligated 
either by the intraperitoneal incision of Bumm or the extoaperitoneal 
method of Trendelenburg. Thus far, 20 cases have been reported 
from the clinics of Freund, Trendelenburg, Michel, Bumm, Hackel, 
Opitz and Friedmann (Faix), of which 13 died and 7 recovered — a 
heavy mortality, it is true, but when we consider that 85 per cent^ of 
this class of patients die when treated by non-surgical method (Bumm), 
the results of these pioneer efforts are not altogether discouraging. 

The successful interventions of surgery in thrombophlebitis of 
the mesenteric veins and portal radicles, complicated yrith gangrene 
of the intestines, have idso gradudly increased since the sur^e^ import- 
ance of thrombotic and emboUc obstruction of the mesenteric ves^ 
was fir^ pointed out by De^kart (19Q0). Brunner, m the latest publica- 
tion, has coUected altogether 89 eases of venous throroboeis, 32:,of winch ^ 
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vere operated upon, with 5 recoveries, including his own case. Add- 
ing to these 2 more cases, which recovered after operation for arterial 
obstruction, there are 6 recoveries recorded out of 67 operations. 
Considering the absolute certainty of death without operation, the dis- 
proportion between the recoveries and death is not so appalling. 

VARICXISE VEINS; raLEBECTASIS: VENOUS VARDC. 

Varicose veins is a term applied to designate a permanent dilatation 
of veins due to changes in their walls. If the term phlebectasis is used 
to diatingiiiah the cylindrical, fusiform, and tortuous (cirsoid) dilatations, 
the name varix may be restricted in its application to the circumscribed, 
sacculated dilatations in which pouches are formed by the venous walls, 
separated by constrictions or irregular narrow intervals (Kauffmann). 
The manifold transition forms, however, have led to the use of both 
words as synonymous terms. 

Etiology. — The causes of varicose dilatation in veins are various. 
Sometimes the condition is congenital. In these very exceptional 
instances the varices are in the upper extremities and are unilateral. 
It sometimes has been seen in the lower extremity. A congenital 
malformation or a dystrophy, involving the elastic and muscular layers 
of the veins, can alone account for this state. 

Predisposing Causes.— Ape.— Miller found that in 108 operative 
cases in Halsted’s clinic the varices appeared in one-third of the cases 
before the thirtieth year and two-thirds before the fortieth. Sex . — 
Males are more often affected than females (57 per cent, males; 43 per 
cent, females). Pregnancy exercises an influence independent of the 
mere mechanical interference of the gravid uterus with the pelvic 
veins, as varices often appear in the legs in the first months of gestation. 
If an abortion occurs, the varices will often disappear. Arterioaele- 
rosis is undoubtedly an important factor and, in fact, the varicose 
process itself is distinctly of a sclerogenic character,’ corresponding to 
the same process in the arteries. Nervous diseases in which there is a 
loss of vasomotor control. Chronic phUbUis, which produces structural 
changes in the venous walls. 

Exciting, Determining, or Localizing Causes.— One is the ana- 
tomic and physiologic conditions peculiar to the venous distribution in 
certain regions. Thus the frequency of varicose veins in the lower 
extremities (in 108 operative cases Miller found the right leg involved 
21 times; the left alone, 25 times, and in 74, both limbs) is accounted 
for by the hydrodynamic influence of gravity in the erect posture. 
The lack of perivascular support in the saphenous and other super- 
ficial veins; the interference with the return flow by the constantly 
repeated contractions of the deep muscles and the aponeuroses of the 
calf; the weakness and often congenital deficiency of the valves; 
occupations which <mmp(ri the erect posture, combined with hard 
labor (washerwomen, cooks, laborers, clerks, etc.), and, in fact, all 
eonditiot^ which favor venous stans and strain the valves (trauma- 
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tism), thereby increasing the intravenous tension (Trendelenburg), 
determine the localization of the process in certain regions, more espe- 
cially in the lower extremities, rectum, spermatic cord, etc. 

But, in addition to this mechanical factor, there are other elements 
which must be considered as necessary to the pathogeny of the process. 
By forcing the valves, the mechanical factors may lead to chronic 
degenerative changes which destroy the elasticity of the veins, bringing 
about a compensatory phlebosclerosis. At other times a true phlebo- 
sderosis lays the foundation for the venous ectasis, and this is more 
probably the fundamental trouble in the majority of cases. 

Histologic changes observed in the walls of the varicose vein 
show that the primary and essential lesion is seated in the media, as 
in arteriosclerosis. There is first a marked thickening with h}rpertrophy 
of the muscular and elastic elements in the veins to compensate for 
the increased intravenous tension. Then follows the atropUc stage, in 
which the muscular and elastic elements gradually disappear. This 
change is particularly well observed in the saphenous veins, which are 
normally provided with an unusually strong muscular coat. The walls 
are ultimately transformed into fibrous inelastic tubes, which, yielding in 
places, lead to the pouching or sacculation of the walls. The valves also 
become atrophied and are reduced to fibrous stumps. The fibrosis 
spreads from the veins to the perivascular sheath and connective tissue, 
causing adhesions of the affected vein to its surroundings. In some 
parts of the vessel this proliferation of the intima is so great that the 
lumen of the vessel is often obliterated. When thrombosis occurs, cal- 
cic infiltration is likely to follow, and in this way venous calculi or 
phleboliths are formed. The vmix, which may gradually attain the 
size of a hen’s egg, becomes a blood-cyst through strangulation at its 
base. Large tortuous veins frequently intercommunicate, as the tor- 
tuous walls and pouches blend with each other at points of contact 
and are perforated as the result of pressure atrophy (anastomotic 
varix). The effect of this phlebosclerotic process is to elongate the 
veins, as sclerosis does the arteries. In the veins this elongation is 
much more marked as the vessels become much more tortuous and 
convoluted, owing to the lesser resistance and thickness of their 
walls. 

Secondary Lesions. — In the vicinity of the varicose veins changes 
are observed in the adjoining arteries (sderosis), in the nerves (inter- 
stitial or perineural fibrosis, Qudnu), the varicose process also attack- 
ing the veins in the large nerves, espedally the sciatic; in the skin, 
which undergoes marked trophic changes and bec(Ri^' eczematous. 
At first thin and hardened, the skin becomes adherent to the subcutar 
neous connective tissue and aponeuroses^ involving at the same time 
the lymphatics and causing a secondary hard edema and hyper- 
trophy of the corium, known as depfaantiasis phlebectatica. The 
associate degenerative changes lead to an interstitial myontis. The 
bones undergo a rarefying^ process (osteoporotic osfmtis) and in some 
cases hyperfdasiB. Most of thm chan|^ are espraaliy marlmd in the 
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vicinity and iwargina of the varicose ulcers, which usually appear on the 
inner lower aspect of the leg above the internal malleolus. 

Clinical VarietieSi — Hemorrhoids are the most common examples 
of phlebectasis and varix (see Vol. IV., p. 141). 

Next in frequency are the varices of the spermatic cord {varicocele, 
see Vol. IV., p. 610) and the varicose veins of the lower extremities. 
The patients are usually individuals in middle life who are compelled 
to later while standing; multiparous women are especially prone to the 
latter condition. The pressure of large abdomin^ tumors and other 
causes of intra-abdominal pressure also favor the phlebectasis. . In 
the repon of the internal and external saphenous the veins appear 
through the skin as bluish ridges and tortuous discolored elevations, 
the skin becoming thinned and bluish and reduced in many places to 
a mere pellicle. The insufficiency of the valves is readily demon- 
strated by the Trendelenburg test as follows: The patient is placed 
in the lying posture, and the varicose leg b grasped by the foot 
and lifted to a perpendicular or oblique position. The dbtended 
saphenous will at once collapse as the blood b Gained toward the trunk. 
If the finger of the examiner b then applied to the vessel at the 
saphenous opening, just where it empties into the femoral, so as to 
compress it firmly and at the same . time the patient, b instructed to 
stand up, the vein will continue empty until the finger is removed, 
when it will quickly fill up by a reflux of blood from above downward, 
and not, as in normal conditions, from below up. Coughing will also 
cause a wave of dbtention or undulation by reflux in the vein, which 
is not seen in the normal condition. Likewise, a quick tap or stroke 
on the proximal side of the vein while the patient is standing will be 
fdt like an undulating wave on the trunk of the vein, dbtinctly appre- 
ciable to the finger (Schwartz’s test). Fluctuation can also be elicited 
by applying pressure at two points in the course of a vein, when the 
deep and superficial veins have become involved. It b easily under- 
stood that muscular contractions in the peripheral muscles, instead of 
favoring the^ returo flow to the heart, force it back and increase the 
rtasb and dbtention. Delbet demonstrated the influence of valvular 
insufficien <7 in increasing the intravenous tension. He introduced 
* v^*^*^* ** central end of a varicose saphenous vein, about the 
middle of the thigh, after previous cocainization of the skin. The 
cannula was connected with a mercurial manometer, which at once 
restored a positive pressure of 16 mm. while the patient was in repose, 
lae mercuiy rose to 16 cm. after moderate exertion and to 26 cm. when a 
violent lifting ^ort was made. Such an enormous increase in the intrar 
yen^ pressure (wWch should have been negative with the cannula 
inse^ on the cardiac nde in a normal vessel) easily accounts for the 
great chan^ that occurs in the veins when the stage of valvular moom- 
petency exists. 


detenniiied careful numometric and ImncgrapUc tndui 
that tiitn M a oonataat arterial lurpotenrion in the arteries of the bga of vaibese 
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subjects. This arterial hypertension is reduced to normal after the excision of the 
veins. He made comparative examinations in individuals who had unilateral 
variceSi and found that there was a distinct difference between the abnormal and the 
normal limbs. He suggests that the local hypertonus may be due to a secondary 
arteriosclerosis consequent upon the work of the artery in overcoming the enor- 
mously increased pressure of the engorged veins when the vidves have become 
incompetent. 

When the small cutaneous veins are invaded, they appear as fine, 
red, injected lines, sometimes in radiating groups, forming rosets 
under the skin. The upper extremities are rarely involved, usually 
only as a sequel to tumors in the axillary and subclavian regions; 
also in arteriovenous aneurisms and in the neighborhood of racemose 
angeioma. The broad ligaments, the bladder and prostate, and external 
genitals often become involved (uterovaginal, vesical, and pudendal 
varices) in later life. 

The veins of the abdominal wall become distended about the umbili- 
cus when the portal vein is obstructed, as in cirrhosis, pyelothrombosis, 
etc., forming the peculiar grouping of the superficial veins called the 
caput Medusai. The epigastric veins become prominent on the anterior 
nlxiomen, and the thoracic veins along the costal arches become ectatic 
whenever mediastinal or intrathoracic obstructions occur. 

Complications. — (l) Rupture of the thin varices, followed by 
hemorrhage, either subcutaneous or external; (2) phlebitis and lym- 
phangitis; (3) ulcers (4) neuralgia — are the most frequent and char- 
acteristic complications of the varicose state. 

(1) Ruptures of varicose veins sometimes threaten life and cause 
death. The bleeding is profuse because there are no valves, wd the 
systolic impulse is increased. Rupture and hemorrhage occur most fre- 
quently in hemorrhoids (hence the name). The subcutaneous ruptures 
cause extensive extravasations, large ecchymoses, and hematomas. 
When the deep muscular veins rupture, a painful sensation is ex- 
perienced, known by the French writers as the “coup de fowl," or the 
“ whiplash,” not only because of the pain, but on account of the ec- 
chymotic discolorations which follow a few days later. 

(2) Phlebitis. — ^The stagnation of blood and the degenerate state of 
the varicose veins, as well as their exposed position in the extremities, 
subject them readUy to accident. Hence great care must be taken by 
subjects of varicose veins in protecting themselves against injuries, 
superficial wounds, and excoriations, no matter how slight; as they 
readily lead to septic purulent thrombophlebitis. 

^ Lymphangitia is frequwtly associated with phlebitis as a sequel^ to 
injury or infection in the extremities. When this combined infection 
occurs, the tendency to edema and superficial redness is most marked. 
There is pain and constitutional dirturbance; the neighboripg ^ands 
participating in the process and often undergoing; suppuration. 

(3) Varicose Ulcer.-— This is one of the most constont a(»pmpaju> 
ments of the varicose state in its adywoed stagee< It is usually itituated 
on the inner and lower aspect of theleg, al^m t!^ track 
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saphenous. It may begin as a superficial blister, excoriation, or scratch, 
brought about by itching and eczema. After the loss of epidermal 
protection, the tissues become an easy prey to infection and the 
ulceration progresses rapidly and obstinately, on account of the dimin- 
ished reristance of the tissues caused by the trophoneurotic changes. 
Syphilitic subjects are particularly prone to this form of ulceration, 
which assumes the circular, scoop^-out character of the syphilitic 
ulcer. The eczema which accompanies varicose ulcers is usually of the 
dry and scaly or sweating variety. The sensibility of the skin in the 
periphery of the ulcer is diminished. The subcutaneous tissue in the 
chronic ne^ected cases also participates in the fibroid process, especially 
when the lymphatics are involv^, causing great thickening of the 
skin, which simulates elephantiasis. 

(4) Neuralgias are frequent accompaniments of the advanced 
varicose state, though neuralgia along the sciatic tracts may occur in 
its worst forms without very marked varicosities of the superficial veins. 
Sciatic neuralgia of varicose origin is due largely to the develop- 
ment of intraneural varices and perineural scleroses. The puin is felt 
with greatest intensity in the ^uteofemoral region, where the nerve 
becomes more superficial after its exit from the pelvis. The operation 
suggested by Qu6nu for the relief of this type of sciatica consists 
essentially in the exposure of the nerve and the direct dissection and 
extirpation of the recognizable intraneural and perineural varices, 
followed by the combing or raking of the nerve (hersage) with a 
coarse brush to destroy the smaller varicose veins, and has yielded 
good results. 


Dia^osU.— The clinical recognitibn of phlebectasis should offer 
no special difficulties when the superficial vessels are involved, which 
is the condition met in the vast majority of cases. The diagnosis only 
offers some difficulty in cases of cavernous hemangeiomata, which may 
amulate a bunch of varicose veins, especially when seated in the groin. 
The deep-seated vari^ cause no special notable manifestation. The 
veins in arteriovenous aneurisms are unmis- 
takable. Varix in the femoral canal may simulate femoral hernia, but 
the accompanying enlargement of the veins and the disappearance of 
the swellmg by gravity alone quite suffice to differentiate them. 
wh/«> ®* ®ygi«nic and Preventive.— There are many patients 

^ extirpated or relieved by Jurpcal 
of associated constitutional states or diseases 
to life hL * operation except in conditions of imminent danger 

hemorrhage, or septic infection of the 
*^etee> “ephntis, cardiac lesions without compensation, 
ar^oscl^B^, hemophilia, and the purpuric states, cachectic con- 
®*^ty, etc. Radical operations are also contrain- 
obUterated by previous thrombol 

SSn of n extirpated without enormous: 

excision of the overlying sldn. In these patients, however,^-^ 
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Trendelenburg ligatures and other palliative operations may be per- 
formed with gi^at rdief, if not permanent cure. In these and in 
incipient eases, in which the varicose state causes comparatively little 
inconvenience, the proper hygienic care of the limbs, with the help 
of an external support, will enable the patient to live in comparative 
ease. Change of occupation, habits, etc., such as will Himininti the 
strmn on the veins, will aid materially. The skin should be cared for 
by frequent careful bathing, using hot or cold water, rather than 
lukewarm, avoiding garters and constricting garments. The main 
reliance, however, must be placed upon properly -fitting elastic stock- 
ings, which must alwa 3 rs extend from the foot to the knee or higher, 
according to the extent of the varices, never to be used as sectional 
leggings about the legs, knee, or thighs lest they aggravate the con- 
dition. Trusses and other appliances used to compress the saphenous 
in the groin, with a view of preventing the reflux of blood in the 
valveless vein, never accomplish their purpose. No drup or internal 
treatment, except those wUch improve the general health and the 
arterial circulation, can accomplish any special good.. 

When rupture and hemorrhage occur in the operable cases, the 
excision of the bleeding veins under local anesthesia can be readily 
effected after the hemorrhage has been arrested by an aseptic pad and 
compressive dressing, supported by an elastic bandage or stocking. In 
the subcutaneous ruptures and extravasations, rest in bed, immobili- 
zation of the limb, and elastic compression with a properly adjusted 
bandage, extending from the foot to the groin, will prove sufficient. 
When infective phlebitis occurs, whether of the septic or non-purulent 
type, the proper course is to ligate the saphenous vein at the saphenous 
opening, IMow its entrance into the femoral vein, in order to prevent 
the possible escape of an embolus from the thrombotic veins- into the 
circulation. In favorable subjects this ligation should be followed by 
the extirpation of the inflamed veins. When perivenous and endd- 
venous abscesses form, these should be drained by free incision along 
the tract including the inflamed vein, thus draining the endovenous 
abscess or abscesses which so often form in longitudinal or bead-like 
series. . The extirpation of inflamed varicose veins en masse, after pre- 
liminary ligation of the infected saphenous, has been performed many 
times, and with excellent results. 

Varicose ulcers, in inoperable cases, must be treated by hot, alkaline 
baths containing dissolved potash soap, or, in eczematous subjects, 
starch-water. The baths must be prolon^d for hours and administered 
in foot-tubs deep enough to immerse the affected extremity, including 
the ulcer, while the patient is lying or sitting. The hot-water baths 
sre given alternately with local hot^r baths, applied with any of the 
numerous appliances now sold by manufacturers for the apidication of 
the Tallermui hot-air treatment or Bier’s method of h]rp6remia. The 
^ect of hot air in improving the old callous and deeply infected idoeiB 
is prompt and at times surpriSiBg. . Venous hyperemia by dbstie pres- 
sure at the root of the limb, as odvooat^ Bier- for the tieatiiimt 
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of other scute infections, is not beneficisl in thcM esses, but the 
setive hyperemis obtsined by the hot-sir bsth is of immeim vslue in 
procuring the sterilizstion of the ulcers snd plscing tUen in s proper 
condition for the rsdical operstion. 

The radical operation for varicose ulcer consists in extirpating the 
ulcer in its totality and covering it with Ollier-Thiersch grafts, as is 
practised in Mayo's method. When the prolonged hot-water baths and 
hot-air treatment are not available, the best palliative treatment is 
still hot bathing with water and German green soap, followed by moist 
antiseptic and astringent dressings. In the inflamed stages the class- 
ical and ancient lead-and-opium wash, which still remains by far the 
most efiicient of idl the local applications in such cases, should be 
applied. By keeping the ulcer clean and covering it with lead-and- 
opium compresses and supporting these with an elastic roller bandage, 
preferably of porous elastic material instead of the pure rubber (Martin) 
bandage, which interferes with evaporation, the ulcers will be greatly 
improved. , Still better, a well-fitted elastic stocking may be used. By 
these means many patients who, for any reason, cannot afford to rest 
their limbs, can be made tolerably comfortable and vastly improved 
until the radical operation can be performed. In non-inflamed callous 
ulcers the old-fashioned adhesive strips sold by the manufacturers in 
the improved form as zinc oxid (Z. 0.) plaster may be used systemat- 
ically in overlapping strips to cover the entire surface of the ulcer. 
When combined with baths, aided with an elastic support and changed 
every twenty-four hours, this method will accomplish wonders in im- 
proving the nutrition of the ulcers and often will succeed in healing 
them, even when the patients are compelled to continue on thmr 
feet. 

In the neuralgic varicose ulcers Chipault’s suggestion may be ap- 
plied, viz., to stretch the superficial nerves that supply the region, the 
long saphenous and external saphenous nerve, by an incision in the 
nmghborhood of the ulceration. In connection with the radical cure of 
the varies by extirpation or ligation this method may be considered 
as an adjuvant. The graver neuralgias of the sciatic nerve may be 
treated by Qu&iu’s method, previously described. 

The Operative Treatment of Varicose Veins. — With the per- 
fected methods of aseptic technic, the surgical treatment of varix has 
become one of the most valued acquisitions of contemporary surgei^. 
C. H. Mayo has reported a series of 186 successful operations 
without a death ; and in one clinic (Johns Hopkins) 126 operations 
have been recorded with 1 case of pulmonary embolism, which rocov> 
ered. The danger of embolism still exists, but the emboli are nonr 
septic and are of minor significance. 

The modern operative treatment of varicose veins is based upon ■ 
four fundmentd procedures: (1) The open Ugaiwn of the varicose 
tiunks; (2) the linear, sectim of the varicose trunks between ligattires/v;; 
with or without the inclusion of the collateral tracts by cireumfereniui^x 
tneieionsy (3)^ the open resection of the varicose trunks and secoHdcu^i 
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triitviaries; (4) the attbcfUamma reaecHon of the venous trunks in their 
totality. 

The principles which underlie tl^ operations are: (1) To arrest 
the hemodynamic reflux of the venous column into the superficial veins 
(long and short saphenous), when the valves are incompetent and the 
varicose state is associated with or consequent upon a progressive in- 
crease in the intravenous tension; (2) to force the superficial venous 
circulation from the unsupported subcutaneous veins into the deep 
muscular trunks when these are not obstructed by previous disease; 
(3) to remove permanently the diseased venous tracts which have 
become functio^ess and dangerous to the organism from the effects 
of disease or infection; (4) to prevent the direct entrance of blood into 
the superficial varices (already incompetent from the functionless 
valves) from the deep intramuscular tnmks by the obliteration of the 
anastomotic branches while extirpating the superficial varices. 

The operations which mm at the obliteration of the venous trunks 
with the ligature, in order to support the venous column and prevent 
the venous reflux, may be regarded in a large measure as palliative 
operations, and those which extirpate these trunks are classed as radi- 
cal operations, though this designation does not necessarily imply that 
the varicose state is cured, particularly as in a certain percentage of 
operations the veins are reproduced and relapse occurs. 

The obliterative ligature of the saphenous, which was applied by 
others, was systematized and applied on the basis of its preventing 
the venous reflux by Trendelenburg, in 1890, who explained the effects 
of hydrodynamic pressure of the blood column upon the vessel. Tren- 
delenburg’s first operation consisted in the division of the long saphe- 
nous at the point of junction of the lower with the middle third of the 
thigh. He subsequently modified this procedure by placing two more 
ligatures on the saphenous: one above the level of the internal condyle 
and the other below the knee. Trendelenburg’s operation is very sim- 
ple in its technic and is usually performed with local anesthesia. The 
long saphenous is approached through a short incision at right angles 
to its course, and divided between ligatures near the saphenous open- 
ing. Each end of the divided vein is doubly ligated with fine chromic 
catgut or fine aseptic silk. 

This procedure has been modified by the excision of small sections 
of the vein, 4 or 6 cm. in length (“Rfisections etag^”), by Schwarts, 
Cassatti, and others. 

Schede’s Operation and its Modifications. — ^The linear divinon 
of veins between ligatwree is accomplished by circumferential incisions 
(circumcision of limbs), and has been associated with the name of 
Sehede, who first describ^ it in 1877. A partial or complete circular ind- 
rion is made in the upper third of the leg, which divides dl the supw^ 
ficial vdns, induding the long and diprt sajdienous, down to the.de^ 
tibial aponeurosis. If the drcumdsion is partis^ it should divide at least 
all the veins in the . anterior, internal,' and postedqr asp^^ Tto su^ 
prindple is appUed by Moresehi in^ti;^ tma1menitdthBrieoito'||dcer^ 
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tnaiftta two circumferential incisions through the skin to the a^neure^, 
the first 4 cm. above the ulcer, the other 1 cm. above the mallMh. The 
ulcerated area is included between these incisions. The peculianty of 
Moreschi’s operation is that the skin in the immediate vicmity of the 
ulcer and between the two parcel incuions is completely undermined 
and detached by subcutaneous dissection with a knife or scissors, with 
a view to destroying the varices and their tributaries over a large area 
within the line of the cross-section. Pizzono also ligates the saphenous 
at the root of the limb in applying Moreschi’s procedure to prevent or 
diminish the dangers of embolism, which has already proved fatal m 



Gohflbtb Extibpation or tkk Saphbnoub Tracts (After Terrier and Alglave.) 

Fig. 60.— Inoision for complete extirpation of Fia. Ol.-^-Incision for Fig. 62.— Inoimon 
long saphenous. shoi^ saphenous. for extirpation m 

long saphenous with 
Bohede-Moreschi cir^ 
eular section below 
ulcer. 


one case after this operation. Rindfleisch (1907) makes multiide 
spiral incisions around the limb and packs the wound to obtain deep, 
scars. 

Resection.— This may be partial or complete. The partial consi^ ' 
in the removal of one or more sections of the varicose trunk by a series 
of interrupted incisions, as suggested by Madelung in 1884, and . - 
tematized by Schwartz, in France, since 1888; in the complete, the whd%;; 
of the main trunk of tothsaphens is removed (Madelung). This hW;!- 
been recently systematized by Terrier and Al^ave, who haye 
and advocate the most extensive resections by conrinuous open ineiMM^||' 
^tuis far described. Thty call spedal attention to the influence of 
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anastomotic branches which reach the surface veins through perforar 
tions in the deeper aponeuroses and which supply the superficial varices 
with the greatest amount of blood. They advocate extensive extirpa- 
tions of the mmn trunks and of their tributaries in order to intercept 
these deep branches, which are found most numerously near the mouth 
of the saphenous and Scarpa’s triangle aiid the middle of the thigh. 
They report 21 cases successfully treated by extirpation of both the 
internal and external saphenous, throughout their whole length, with 
or without inclusion of the overlying skin, according to whether this is 
involved in the varicose process or not (Schwartz’s method). The com- 
bined total resection of the saphenous trunks is occasionally assisted by 
circumcision on the Moreschi plan when the case is complicated with 
varicose ulcer. Madelung’s operation has also been modified by Ledder- 
hosc, who, in addition to the extirpation of the veins, makes a series of 
longitudinal incmons along the inner aspect of the leg from the knee to 
the malleolus, by which he expects to intercept and obliterate all the 
tributaries lying between the knee and the ankle. 

Open Section and Thrombectomy. — Kraemer recommends the systematic 
incitdon and evacuation of all thrombotid varices forimnK large irregular cavernous 
plexuses. He opens the venous cavities and tortuous veins longitudinally, and 
carefully wipes out the clot and allows the wound to come together by simple approxi- 
mation and bandaging. He has operated fifty times by this procedure with great 
reiief to the patients and rapid obliteration of the varicose area.' 

The saphenous veins may be resected in their totality by continuous 
open incisions or by a serira of short, interrupted, “buttonhole” 
incisions made along the length of the saphenous tracts, from the groin 
to the ankle and from the knee to the ankle. These are the so-called 
subcutaneous resections, and the methods by which this is done vary 
with different operators. Gassatti describes a method of tearing out 
the vein after mobilizing the main trunk by subcutaneous traction 
and dissection. Narath extirpates the entire saphenous through a 
series of small interrupted incisions, which permit the vein to. be 
isolated and detached from its surroundings by traction and sub- 
cutaneous manipulations. The incisions are made at intervals of 10, 
15, and 20 cm., the vein being isolated and brought out by hemostats 
^Mugh each one of the openings, successively without diiriding it, 
until the vein has been completely loosened from its tributaries 
throughout its length, when it is extracted whole from the groin to 
the ankle after ligation near the femoral incision. The indsions are 
not over 1 cm. in length and are closed with a single suture. He is 
very well satisfieii with this procedure, which he has practised suc- 
cessfully for many years. 

Narath’s method has been much amplified in si)itable cases by the 
use of an ingenious device of C. Mt^o, of Rocheisttf, Minn., wMch he 
describes as the enudeaiOT It condsts of a/^dhdi riug of 

steel with a long handle, the wh<de instinunait uidil^ .a 

blunt uterine curette, bent a^ an ahfd^ nesir ito tip^ 

VOL.V— 11 . ‘ 



182 BtJBaEBY OF THE TASCULAB SYSTEM. 

the s&me purpose s pair of loug forceps which form a ring at the tip 
when closed. 

The present technic is as follows: The vein is sought for and 
severed in the upper third of the thigh. The proximal end is ligated; 
the lower end is passed through the ring form^ by tips of the blades 
of the special long probe-like instrument which he has devised, or 
through his ring-tipped forceps, and clamps are placed on the end 
of the vein. By a gentle pushing force, the vein being held to make 
tension and the tissues steadied on either ride by an assistant, the ring 
enudeator or forceps is pushed down the vessel for 6 or 8 inches, tearing 
off the lateral branches, when the point of the instrument is forced 
against the olrin bom beneath, and a small incision is made to the 



Flo. 88.— C. H. Hato'o Sobcdtaihodb Method or ExTSBrATnro Vabiooeb Vbdw. 


ring or the forceps, which iq pushed through the opening, holding the 
vein like a thread in a needle’s eye. The vein loop is drawn out of the 
opening and also from the instrument, which is removed, rethreaded in : 
the vein, and is pushed down to a lower point, where a small incision is ■ 
again made and the process of removal repeated. The small lateral 
branches are tom off, and, as a rule, have enough contractility left to. ' 
retract wd close themselves. Should the mrin venous trunk break, 
new incirion is made below the knee, the vein exposed and divided. / 
If it is found that calcareous deposits, sacculation, or extreme weak?: f 
ness of^me walls^ tender the case unsuited to the subcutaneous method;!.^ 
rad tto occura m about 10 per cent, of the oases, the open resecti^-^ 
should be mara, undermining only the section about the knee. 
rhsge is avoided by .position. An. ordinary gynecologie standaiid^^ 
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is placed in position and the leg is raised in the straight or extended 
position and supported by the ankle. The position renders the 
limb practically bloodless and also secures elevation and accessibility 
to the field of the operation. Should any branches cause more than 
ordinary hemorrhage, it can be checked by a pressure pad held against 
the skin over the region from which the veins are removed, or by gauze 
packs which are left for a few minutes in the incision from which it 
arises. The varicose ulcers are excised and grafted witth Ollier-Thiersch 
grafts. After this has been done, Mayo applies a twisted roll of gauze 
about the leg above and below the graft^ area, to support a sheet of 
sterile celluloid or a wire gauze held in place by a strip of adhesive plaster. 
The final bandage is applied from the foot to the body and a small area 
is cut out over the protective. This serves as a window through which 
the condition of the graft can be watched healing usually taking place 
under one dressing. 

In Mayo’s experience (185 cases) the subcutaneous removal of 
that portion of the internal saphenous vein extending from 8 to 4 
inches above the knee accomplishes by one method all that is pos- 
sible to obtain by either the Trendelenburg or Schede operation, in 
interrupting the main channels of superficial circulation and also check- 
ing communication with the deep circulation of this region. Should 
there be a persistent eczema in spite of previous preparation, the 
operation is proceeded with as usual, the ulcer being excised before 
enucleation of the vein. The ulcerated area is skin-grafted. The ecze- 
matous area is now painted with compound tincture of benzoin or an 
acetone solution of gutta-percha, after Murphy’s plan, which acts as 
an aseptic varnish, thus literally sealing this surface against infection 
until the incisions have healed. The dressing is applied and the leg 
maintained in a somewhat elevated position for twelve da}n9. The 
patient is then allowed to get up, wearing an elastic porous supporting 
bandage for a few months.^ 

W. Wayne Babcock has improved upon Kellar's suggestion by extracting the 
vein after it has been supported and straightened by passing through it an acorn- or 
olive-pointed stylet. This is introduced into the vein at its tominus near the 
femoral and pushed down through the vein as far as it will go dovm the limb. The 
upper bulbar end of the stylet is made fast to the vein by ligation. It is then pulled 
upon vigorously by bringing out terough the lower inciaon* The traction pulls the 
vein loose from its surroundings, tears off the venous branches, and causes the vein 
to be extracted as a pleated mass attached to the upper end of the extractor. ^ 

It is evident that all these methods of subcutaneous isolaUon and extraction of 
vans, of which Mayo's still remains the simplest and most practical, must fall in all 
chronic cases in which the main trunk of the vein remains very toituous, oonvolut^, 
forming a congeries of adherent and friable veins, intimatdy blended with tto skin. 

^ Kellar (quoted by Babcock) attmnpts to facilitate the extraction rf the aajp^ 
nous vein by passing a stout threm through the vein by means c)f a probe or ^nted 
wire, tying it firmly to one of the divide ends of the vdn afto ditfing 
the vein for a short cfist^ce. then maldiig tracstiem upon the otl^ ctiid of the threadv 
msing the vein to be turned inside but, in which condition it is pidW out 
throui^ dither the upper or lower indtion pr^outiy made to 
termmus near the grom, and the^bther in the leg or towm;; thigh. : ^ ^ 
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Results.— Perthes reports 9 relapses in 41 cases operated in Trendel- 
enburg's clinic. In a series of 41 cases operated in Halsted’s clinic by 
Trendelenburg’s method, Miller reports that 79 per cent, have been cured 
or greatly improved. Goerlich, in an exhaustive review of the litera- 
ture, in which 1425 cases reported by 42 operators are analyzed, finds 
the cures from 65 to 85 per cent, after ligature of the internal saphenous. 
The Schede operation in the Johns Hopkins clinic (19 cases) 3delded 
33 per cent, cures. This operation and other modifications based upon 
the same principle are open to two serious objections: (1) That pares- 
thesias and disturbances of sensibility follow the unavoidable division 
of the superficial nerves; (2) that edema persists in the distal parts from 
lymphatic as well as venous obstruction. The results obtained by this 
method do not justify its preference to either the direct Madelung or 
subcutaneous method. In many cases, on account of its simplicity, 
the Tiendelenburg operation will still remain the method of election. 

In deciding whether an operation should be performed or not, espe- 
cially in cases in which the history of previous phlebitis is given, this test 
advised by Mayo should be applied: ‘ ‘An elastic bandage is applied from 
the foot to above the knee. If this bandage can be worn with comfort, 
an operation should give relief. If the bandage causes discomfort, it is 
probable that the superficial vessels are necbssary -to the circulation of 
the limb.” When the varices form large masses, in which the skin 
covering is thinned to a mere pellicle, it is advisable to combine the 
excision of the veins with an overlying strip of skin. 

Embolism , — In spite of the control of postoperative phlebitis 
by asepsis, there still remains an apparently unavoidable risk of embo- 
lism, even in the most aseptic cases. Sterile emboli (so-called “bland” 
emboli) are discharged from the proximal side of the ligature in the 
saphenous, or from the stumps of the extirpated radicles, and are sped 
along the deep anastomotic trunks to the general circulation, where 
they give rise to pulmonary embolism. Miller reports 1 case of embolism, 
the patient recovering after a serious alarm. Goerlich, in 147 Trendel- 
enburg operations, reports 2 cases of embolism. He has collected in 
aU 8 c^ following operations for varicose vans. Embolism occurred 
after the simplest as well as after the complicated procedures. 


** of poBtopentive pulmonary emboHsm: 

es I* transient and comparatively harmless, causing more or less wntritad 
rwpimtofy distress for a few hours. The more severe result in definite infaitft, 

and P~baMy leave a permanent 
^ “*** ““““diate death by oodusion of tiW 

anc) nij,i!T..f IT ‘y®ptoina are: Sudden dyspnea, qranosiB, tao^reardk, 
of coUapse, accompai^ed by rise in temperature. The flymptonw nmy 
Penaat wift physical signs of pulmonary infarct or death.. The 
^tmegt essentidly conasto m the administration of oxygen freely and 

suanested 'I^*oddenbuig's rahMftIjf*' 

SKnSS^ftrTT*"* ‘ pulnmnaryU^: 
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Rdapse is more likely to follow the sin^e linear division of the veins 
timn after the more thorough extirpations. Nevertheless, relapse will 
occur even after extensive resection (Alg^ave, Terrier). The causes of re- 
lapse are: Secondary dilatation of small superficial tributaries of the ex- 
tirpated or ligated vein, which enlarge and connect with the deep mus- 
cular veins through direct anastomotic branches; (2) the reestablishment 
of direct end-to-end communication through the scar, especially after 
ligation; (3) the regeneration of the veins believed at one time to be 
impossible, but since proved to be of frequent occurrence. 

TRAUMATISEIS AND WOUNDS OF VEINS. . 

The behavior of the veins after injury, their mode of repair and 
regeneration, and the natural process of hemostasis are all in accordance 
with the identity of their origin and structure with the arteries. The 
veins, however, on account of their much greater total area and super- 
ficial distribution, are more frequently exposed to injury, and especially 
to surface injuries, agfdnst which they react more than the arteries. 
The thinness of the venous coats exposes the delicate intima to irritative 
and destructive changes which are manifested by the prompt formation 
of obliterative thrombi, giving to venous injuries their most striking 
differential, clinical, mid pathologic characteristics. 

Wounds of veins are either svbcutan^us or open. The subcutaneous 
include contusions, bruises, ruptures, lacerations, tears, stretching or 
twisting, and the grinding or attrition injuries. The open wounds are 
subdivided into penetrating and non-penetrating; complete and incom- 
plete'; direct and indirect; immediate and mediate; and, according to 
causation, into punctured, incised, contused and lacerated, and gunshot 
wounds. 

SymptiMliatology. — ^The hemorrhage which follows after the wound- 
ing of a vein may be mther external, interstitial, or internal. When the 
external wound is large and the wounded vein is near the surface, the 
blood is seen to escape from the vessel; it is of a dark almost black 
color, and flows in a continuous stream or gushes out in a vigorous jet. 
The force with which the stream is ejected is less than in the arteries 
of the same relative size, unless an ol^acle interferes with the venous 
return on the proximal side of the wound, or when pulmonary cardiac 
disturbances exist which interfere with the emptying of the right heart. 
The venous stream may be projected at a distance of a yard of more 
from the wound under these conditions, as in punctured wounds of the 
anterior jugular in the course of a tracheotomy for diphtheritic as- 
phyxia. This continuous flow, as distinguished from the int^mittent 
jet of the arteries, is thn most distinctiva feature of venous hemor- 
rhage.- The continuity of the stream may be interrupted -or, rather, 
reinforced at irregular intervals which are not synchronous with the 
heart-beat by the effect of the respiratofy movements or by peri^hei^ 
muscular contractions, which momentarily intmrupt: the circula^on jn 
the centaral or peripheral i^h* Sxpararion inereaseSithe lHmioAbage iii - 
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the lower extremities, the intravenous tencnon in the great intrathoracic 
trunks hAing increased; muscular contractions compress the periphery 
veins and drive the blood out of the wound with sudden violence, as is 
seen in venesection. 

If the injured vein is of small caliber, the hemorrhage is quicldy 
arrested spontaneously by the formation of a provisional clot. If the 
vein is of large size and the wound a wide one, the hemorrhage may 
cause death by fatal syncope. Thus a wound of the internal jugular 
may cause death almost as quickly as a similar wound of the common 
carotid. This promptly fatal termination is especially likely to occur in 
injuries of the jugular, subclavian, axillary, and femoral veins. 

Internal Venous Hemorrhage. — When veins are ruptured subcu- 
taneously or wounded in the deeper tissues (stabs, sword thrusts, gunshot 
wounds), the blood is extravasated in the perivascular connective tissue. 
The amount of blood extravasated depends upon the cdiber of the vein 
and thenzeand character of the wound. If the wounded vein lies in a 
serous cavity, as in the pleura or peritoneum, or in the loose areolar 
spaces of the mediastina, the hemorrhage will flow unchecked in 
quantities and death will follow in a few minutes - or hours. Wounds 
of comparatively small veins in the splanchnic cavities (pleura and 
peritoneum) may give rise in this way to most alarming and even fatal 
hemorrhages. 

Subcutaneous hemorrhages in closed or partially closed wounds 
will lead to extensive extravasations and hemorrhages, but less than 
in the arteries. The hemorrhage from a comparatively small vein in 
regions where there is an abundance of loose connective tissue may 
diffuse itself over a very wide area as a thin but wide-spread discolor- 
ation of a dark bluish hue. This is particularly true of wounds of 
the scrotum, penis, groin, and thigh, neck, face, and axilla. After 
circumcisions, varicocele, or hernia operations these wide-spread black- 
and-blue discolorations are not infrequently observed as the result of 
imperfect venous hemostasis. Fortunately, these superficial extra- 
v^tions, in spite of their large area of diffusion, usually disappear 
without interrupting the patient’s recovery. The real hematomas, or 
localii^ blood collections, remain much longer in the tissues and 
sometimes seriously interfere with the healing of the wounds, com- 
pelling- a reopening of the wound to pve issue to the pentmp blood. 

Spontaneous Hemostasis. — ^The arrest of hemorrhage from a 
wounded vein is more readily effected by the natural process of hemos-- 
tasis than in the arteries, and on this account venous hemorrhage is less 
dreaded and less di£5cult to control than arterial bleeding. Partial or - 
incomplete wounds of veins bleed more copiously than the complete 
wounds and tran^erse sections. When a vein is completely divided, 
it retracts within its sheath, and its open mouth contracts so the- 
lumra is iiarrowed, but never to the extmt that is observed in the' • 
arteriM. The lack of elasticity and rigidity of the venous walls alldwil •! 
them , to collapse wd come 'together, unlike the arteries, which gapn :.: 

lesser riasticity and contractility of the veins is also s^titt':? 
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in the lacerated and contused wound by the inability of the innar and 
middle coats to curl up and retract, the intima and media only 
retreating 2 or 3 mm. within the adventitia without curling and 
rolling. 

To compensate for this lack of retractility and contractility the val- 
vular mechanism of the veins (barring the great central venous trunks, 
where this mechanism does not exist) prevents the flooding of the wound 
when the reflux of the blood-stream on the proximal or cardiac side 
occurs, while on the distal side the low tenmon of the peripheral venous 
circulation allows the thin and eoUaiised veins to be readily compressed 
and obliterated by the clotted blood and the surrounding tissues. The 
importance of the valves in diminishing the hemorrhage of wounded 
veins is strikingly shown in the rupture of the varicose veins of the lower 
extremities, in which the bleeding is profuse and persistent, in conse- 
quence of the incompetence of the valves and the rigidity of the veins 
themselves. The dangers from hemorrhage is also shown in the sinuses 
of the dura mater, which, in consequence of their rigid walls, absence 
of valves, and lack of retraction, remain open when wounded, bleeding 
profusely and fatally, unless prompt hemostasis is obtained. On the 
other hand, the ease with wMch a wounded peripheral vein can be 
controlled in normal conditions is illustrated by the prompt hemo- 
stasis which follows the mere application of a bandage and superficial 
compress after venesection. 

Conditions which Increase or Diminish Venous Hemorrhage.— 

Whatever influences the intravenous pressure will also influence bleed- 
ing in a venous wound. If a constricting bandage is lightly applied on 
the cardiac side of the wound in a vein of the extremities, the hemor- 
rhage will at once be aggravated by the general congestion of the veins 
below the constriction. This statement is well illustrated in venesection, 
in which the bleeding is continued as long as the constricting band is 
kept up with just sufficient pressure to interfere with the return flow of 
blood; its mere removal at once stopping the hemorrhage. 

In heart disease due to valvular insufficiency and associated with 
chronic as}rstole, the venous tension will be increased and likewise the 
hemorrhage. Apart from these mechanical causes, in the dyscrasic states 
(hemophilia, scurvy, purpura, biliary infections, etc.), natural hemo- 
atasis is prevented by dminis^ coagvlabilUy of (he blood. 

Asepsis is a powerful factor in diminishing thrombus formation: In 
aseptic wounds and traumatisms the permanent closure of a venous 
wound is rapidly effected with a minimum of thrombus formation. 
In fact, after an aseptic ligature, there should be only a small clot, and 
the f^t that the thrombus is not necessary to the process of repair is 
strikingly illustrated in the healing of sutured veins which cicatrise 
perfectiy without thrombus formation, leaving the lumen pervious uid 
the circulation uninterrupted. : however, infection occurs, the 

pyo^io micro-organisms penetrate into the vend, attack the ando^ 
thelium of the intima, and, spreading by continuity, cause degniM^ve 
and destructive lesions in dxdothdium,. which at; piiee 
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coagulation and thrombus formation. Suppuration then foUows, with 
purulent thrombophlebitis and all its dangers as a sequel. 

Complications of Venous Wounds. — It was the liability to metas> 
tatic abscesses and the pyogenic bacteremia which followed in the wake 
of septic thrombosis and embolism which gave to venous wounds their 
bad reputation and made the veins the noli me tangere of the older sur- 
geons. At present the mechanical effects of migrating emboli, which 
are comparatively insignificant in frequency and gravity, alone remain 
as possible sequels of venous thrombus after surgictd operations on 
veins. Another complication which the modern technic of wounds 
has largely eliminated is ihe tupiration of air into the larger veins, es- 
pecially in the neck, causing air-emboiism. (Vol. 1., p. 452.) Fat 
embolism is a more frequent complication. (Vol. I., p. 462.) For 
gunshot wounds of veins see Vol. IV., p. 979. 

Foreign bodies, fine shot, bullets, splinters, fish-bones, needles, and 
other foreign bodies may find their way into the larger veins as a very 
rare occurrence. Fluquet, J. Liddell, Stromeyer, Lambron, S. D. Gross, 
Audrett (quoted- by Bougl4) report curious cases of this kind. These 
foreign bodies usutdly cause no serious disturbances as long as they are 
aseptic; they become isolated and encysted, with or without oblitera- 
tion of the vein, and remain indefinitely fixed in the venous wall or its 
immediate vicinity. When the foreign body is septic, it will be followed 
by thrombophlebitis with all its consequences. 

In wounds of the smaller veins very little is required to arrest bleed- 
ing. The walls collapse by mere atmospheric pressure, and the pressure 
of the clamp or mere gauze packs will usually suffice to obliterate them. 
Hot irrigation with physiologic salt solution or, in suppurating wounds, 
irrigation with a weak hydrogen dioxid solution, if it is followed by a 
systematic packing of the oozing area, will usually suffice to arrest the 
hemorrhage. In deep wounds, in which a bleeding vein cannot be seen 
plainly enough, it is best to catch it in a forceps, leaving this in place 
for twenty-four hours (vena cava, Helferich). In the wounds of the 
endocranial sinuses, in which the ripdity of the venous walls interferes 
with the normal collapse of the veins, systematic packing with sterile 
gauze or suturing will be usually sufficient to stop the bleeding if the 
pack is sutured in place. In veins in the bone-marrow or in the 
diploe, gaiize pressure kept up for some time will suffice to arrest 
the bleeding. It may be convenient in some cases to plug with 
absorbable catgut wool or to smear with Horsley’s wax (oil of sweet 
almonds, 6 parts; wax, 1 part; salicylic acid, 1 part). 

The Ligature and the Suture. — ^The Ligature.— The surgeon’s 
preferred hemostatic agent in venous as wdl as in arterial hemorrhage Is 
the ligature. It is by far the most ample and certain of the hemostatic 
agents, and should be applied to all vans of small caliber or even those 
in which thh obliteration of the lumen is of little consequence to the 
distal circulation. In regard to the functional results, it may be safely 
asserted that the obliteration of the vans, even of tite largest trunks, 
by the ligature is a matter of far less consequence than the obUteraHon 
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of the corresponding arteries. The ligation of a vein may be lateral or 
loUA. The partial (lateral) ligature does not obliterate the lumen; the 
complete (circular) does. Since the suture has been so successfully 
introduced in venous surgery, the lateral ligature has become much 
restricted in its application, and is now practically limited to the liga- 
tion of tributary branches, which have bwn cut or injured too near the 
main trunk to permit of their separate ligation. Wounds involving 
only a part of the circumference of the vein (referring to the main 
vein) are closed by lateral phleborrhaphy. The total obliterative 
ligation of veins is applied to both ends. Bleeding rarely occurs 
from the proximal end. It is the peripheral end that bleeds, but 
the possibility of infection through the open mouth of the vein on 
the proximal side calls for its closure, if only as a protection agrunst 
sepsis and thrombosis. 

The collateral circulation after (he ligation of the large venom trunks. 
After asepsis had robbed the ligation of veins of its terrors, the fear of 
gangrene from the obliteration of the large venous trunks continued 
to instil fear in the minds of surgeons until comparatively recent times. 
It was supposed that the collateral circulation, which is apparently 
much less provided for in the venous circuit than on the arterial side, 
was insufficient to prevent the stagnation of the circulation in the 
limbs after the ligation of the main trunks, especially the femoral. 
The fear in preantiseptic times was well found^, because the liga- 
ture was always septic and led to extensive thrombosis of the vein, 
including many important collaterals. The lymphatics were also in- 
volved in the septic process, and these two factors, diffuse septic 
phlebitis and lymphangitis, very seriously interfered with the establish- 
ment of the collateral circulation. It is only in recent years that the 
safety of the ligature has been recognized. The complete misconception 
of the factors which promote the collateral circulation after venous 
ligation at the root of limbs by the simultaneous ligation of the 
associate artery was also realized. It is now understood that the 
reverse doctrine holds good, and that tiie most potoetful agent in bring- 
ing about the etiabUshment of the collateral circuit after venous Ugation is 
the preservation of the arterial circulation in its most perfect functional 
inlegrUy, in order that the full benefit of the arterial pressure may be 
felt, through the capillaries, in the peripheral vdns. The joint injury 
of both vessels is the most certain way of causing gangrene of the 
limb. In fact, Bodaert showed experimentally that if the femoral 
vrin is ligated at the groin, aseptically, and with care not to injure the 
lymphatics, very little or no edema, much less gangrene, follows 
the ligation. When edema occurs after the obliteration of the femoral, 
it is due to the involvement of the accompanying lymphatics or to 
the production of a long thrombus which obliterates the veins over 
0 large area. 

Since the' importance of rigorous asepsis ^ been better apisreei- 
ated, the femoral vstn haf be^ ligated a great many times without 
gangrene. ■ ' 
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Niebeiisall reported 35 cases of femoral ligature, 25 for extirpation of a tumor, 
10 for wounds, and in all there was only 1 case of sphacelus of the foot, whereas 
when the artery and vein were simultaneously ligated, gangrene occurred in 14 out of 
24 cases. In 24 cases of single ligation of the femoral vein, Kammerer records 2 
gangrenes; in 22 simultaneous injuries of artery and vein there were 12 gangrenes. 
Frftnkei reports 53 cases of the isolated ligation of the common femoral with 1 
gangrene. Cyanoris frequently develops after the ligation, but no gangrene unless 
the artery is involved. 

The same effects have been observed in the simultaneous ligation 
of both popliteal vessels. A. Schorong reports, in a study of 46 
simultaneous arteriovenous injuries resulting from direct crushes of 
both artery and vein, that there were 76 per cent, gangrenes, and when 
the popliteal vessels were involved, gangrene followed in 100 per cent. 
Apart from these severe injuries, the combined obliteration of the artery 
and vein of the lower extremity is always fraught with great peril to 
the limb, though in chronic conditions of arterial obstructions (tumors, 
aneurisms) the artery and vein may be injured without gangrene, as 
has been shown in a considerable number of extirpations of aneurisms 
in which both vessels have been sacrificed. In recent aneurisms, how- 
ever, the coincident injury of the veins, with the obliteration of the 
artery, is a perilous accident. 

The comparative benignity of the ligation of the large venous trunks 
in other parts of the body has been amply demonstrated by the success- 
ful and abundant experience of the last decade. Not only have the 
internal jugtdars been ligated separately, but they have been both ligated 
at variable intervals, as well as extirpated simultaneously in the same 
subject, while performing extensive extirpations of malignant growths 
in the neck. ligation or extirpation of the jugulars has since become 
a regular procedure whenever their removal is indicated either for 
injury or disease. 

The eubdavian and axiUary have been repeatedly ligated and 
resected. The ligation of one or both innominate veins is well tol-* 
erated in dogs (Leotta). 

The superior vena cava has never been ligated in man, but Julius Fischer, in a 
very careful study of the reported patholo|pc obstructions of this vessel (104 casre, 
of which 42 were complete), found that while stasis existed in the tributary area 
in many cases, in the majority a fairly effective collateral circulation was established. 
Mariotti ( 1906) has experimentally tried the ligation of the cava on dogs, with unsat- 
isfactory results. According to Leotta (1907-6), 75 per cent, of ligationsof the su- 
perior vena cava succeed in dogs when the ligature is applied above the aiygos. 

The inferior eava has been the subject of numerous experimental studies (Cler- 
mont, Leotta) to test the efficiency of the collateral circulation after its ligation. The 
condusion arrived at is that the ligaHon of the vena cava ohcse the origin of the renal 
vein is extrenqply dangerous on account of the interference with the kidneys, but that 
it is comparatively safe bdow the line of the renal vesads; especially il the collateral 
dreulation has bm given lime to develop by long eompression or partial obliterar 
tion -of this great trunk. The rena poriw has been ligated for injury during operar 
ti<m f6r i^ovai of hydatkf' Cyst by Brewer, New Y<nk. 
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The Suture of Veins. — ^The ligation of the great venous trunks, 
however, has been supplanted by the suture (phleborrhaphy) whenever 
the conditions permit of its application without obliteration of the vessel. 

Tlic suture of veins was first suggested by Gensoul (1833), who experimented 
vith it unsatisfactorily on the jugular of a horse, septic infection following. 
Ciemy (1881) is credited with the first case of venous suture under aseptic auspices; 
yet the wound was badly infected from an esophagotomy performed for a fordgn 
body, the patient subsequently dying from pyemia and secondary hemorrhage. 
But Schede's paper, in which he reported the first successful suture of the 
vena cava inferior and coincidentally related his large and satisfactory experience 
in the suture of veins, ttuned the tide in favor of the suture, which has since sup' 
planted the ligature in the surgery of all the large venous trunks whenever it is 
possible to close the wourrd without obliterating the vessel. 

Bottini (1892) was the first surgeon to ligate the inferior cava suc- 
cessfully. patient survived three years. Since Bottini’s case this 
great vein has l^n resected three times— by Zoege v. Manteufel, Ull- 
man, and by Lexer. In this last case a section of the vein was delib- 
erately excised between two ligatures in order to remove a malignant 
growth of the kidney; in the other two cases a large gap in the vein was 
sutured, thus restoring the continuity of the vessel. In addition to 
these three resections the vein has been ligated eight times, includ- 
ing Bottini’s case; lateral ligatures have been applied to it five times, 
and it has been sutured eleven times; it has been clamped with forceps 
to arrest hemorrhage, leaving the clamps in ntu twice, and tamponed 
once for a small wound. In all, 28 operations for hemorrhage have 
been performed upon this vessel from 1892 to January, 1908. 

Lateral and Ciradar PhMHtrrhaphy . — ^The suture may be applied to 
the veins in continuity (lateral phleborrhaphy) in longitudinal, oblique, 
and transverse wounds. The rules which govern the technic of arterial 
suture apply here with the same force and with greater advantage. The 
thinness, softness, and suppleness of the venous walls make them more 
amenable to the suture than the arteries. The low tenidon of the venous 
current also favors the maintenance of accurate apposition without 
tension, and favors the work of repair. The suture of veins is, there- 
fore, not only a much earner procedure than the suture of arteries, but ' 
the healing of the line of suture takes place with regularity, provided 
sepsis has been rigorously excluded. 

In applying the suture to veins, the principle of confronting intima 
to intima and Carrd’s technic, by which the edges of the veins are lifted 
up with tvminal traction threads and transformed into straight lines, 
is the simplest and safest method. The circular or end-to-end sutmie 
of vans requires more care in the proper adjustment of the edges, but 
is performed in the same manner as directed for the arteries. Itjs indi- 
cated whenever the wound in the vdn involves over two-thirds of its 
drcumference (w when it has been eompletdy divided or resected. 

In sinte of their lesser elasticity, the veins can be stretched fuUy 
fiO per cent, without penmment damagen-i when the yem is free 
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from its adherions to the sheath (Murphy, 1807). Pa^, of Gratz, was 
able successfully to resect 4.6 cm. of the femoral vein involved in a 
carcinomatous growth by his method of invagination with magnesium 
rings. He kept the limb flexed at the thigh to prevent overtension. 
The fact that the veins do not fracture as the arteries do, and that there 
is no curling in of the intima and media after transverse sections, 
in addition to the other conditions previously referred to, favors the 
application of the circular method of suture much more than in the 
arteries. The technic does not differ in any way from that of circular 
arterioirhaphy, and the method of Carrel is to be preferred. Since 
Schede popularized the suture of veins, apart from the pulmonary 
veins, the superior vena cava, and the azy^ (resected once by 
Faure in posterior thoracotomy), all the large veins have been success- 
fully sutured. 

Probably the most daring operation in surgery is that recently 
proposed and done by Trendelenburg (Leipzig) for the removal of 
emboli blocking the pulmonary artery. While experimentally feasible, 
and successful in the calf and dog, the three attempts to save patients 
dying from embolic pulmonary ol^ruction by Trendelenburg’s method 
have failed. The entrance into the pulmonary artery is effected by 
an incision in the right ventricle, the emboli are aspirated by a specif 
pump, while hemostasia is obtained by compressing the superior cavte. 

Cirevdar fthleborrhaphy has been perform^ much less often than the 
lateral. Kiimmel (Hamburg) report^ the first case in 1890, followed by 
Krausse (1895) and Payr (1900) — ail femoral, and technically successful. 
The vena porta was resected for a malignant growth, and reunited by 
circular suture by Depage, of Brussels. Vidal (de Perigueux) reported 
the first and only recorded case of terminolateral transpUmtaHon of the 
vena porta into the ana for the relief of hepatic cirrhosis. The patient 
succumbed in twenty-four hours. 

The subdavian vein has been united by circular suture once recently 
(1907) by Goyanes, of Madrid. 

The reparative process in veins after suture does not differ materi- 
ally from that of the arteries. The dangers of thrombosis and embolism 
are not necessarily greater after venous suture than after the ligature 
unless s^ic infection occurs. Hence the mctreme care that must be 
taken with the technic. For the same reason the suture is con- 
traindicated in all inflamed veins and infected wounds. 

PhleboplMty. — “Patching of veins ’’ by borrowing and transplant- 
ing parts or whole sections of veins from other regions of the body-' 
like grafts — ^has been experimentally and successfully done on animals 
by Taddei, Curel, Mariotti, and others. Adjoining vmns, in eases of 
inju^, have been utilized to cover defects in the vein, and whole circular 
sections have been interposed between the ends of divided arteries by 
Ganel and others, experimentally, and by Goyanes and Lexer after 
the extirpation of tmeurisms. (See “Aneurisms” and “Surgery ot 
Aitwies,” p. 138.) 
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HEUORRHAGE. 

Definitions. — By hemorrhage is meant an escape (extravasation) 
of blood from the blood-vessels or the heart. The blood may escape out 
of the blood-vessels, either as the result of a direct break or solution of 
the continuity of the vessel-wall, or by cellular (so-called molecular) 
change in the timics of the vessel, or by alterations in the composition 
of the blood itself which favor its pathologic transudation through appar- 
ently normal vessels. Hemorrhage may be external if the blood escapes 
outside of the tissues; internal, if within the body. According to the 
vessels involved, it may be arterial, venous, capillary, or parenchymatous. 
According to its extent, it may form minute punctiform extravasoHorts 
(petechias); larger patches, ecchymosis; hematomas, when the hemor- 
rhage is sufficient to form appreciable swellings and tumors containing 
circumscribed collections of blood. Hemorrhagie infarcts are circum- 
scribed areas of extravasation, caused by progressive overflow of 
blood in a region in which the main terminal vessel is blocked by an 
embolus or thrombus, and the collateral vessels are unable to adjust 
themselves to the new conditions of increased tension and intravas- 
cular pressure — usually in the terminal arteries of the lungs, kidneys, 
spleen, brain, or other internal organs. (See Thrombosis and Embo- 
lism.) 

HemoiThages are also specificaliy designated by the names of the 
organs in which the hemorrhage occurs, os epistaxis, nosebleed; hemate- 
mesis, or gastrmrhagia, gastric hemorrhage; hemojAysis, coughing of 
blood; metrorrhagia, uterine hemorrhage; hematuria, bloody urine; 
hemothorax; hemopericardium; hematorrhachis, hemorrhage into the 
spinal canal, etc. 

Pathogeny of Hemorrhage. — ^The pathogeny or essential causation 
of hemorrhage may be summed up into: (a) Traumatic hemorrhages or 
those caused by injury or mechanical violence, and are those which 
directly concern the surgeon; (h) pathologic lesions and degenerative 
changes in the vessel-walls (organic or angeiopathic hemorrhage), which 
should include as a subdivision the alterations of the walls caused by 
disturbances in the innervation of the vessels (neuropathic and neuro- 
trophic hemorrhages); (c) dyscrasic or hemopathic hemorrhages, caused 
by changes in the blood itself, which increase its fluidity and favor its 
extravasation. 

The mechanical causes of hemorrhage (fully considered in the sec- 
tions on the Surgery of the Arteries and the Veins) may be briefly stated 
as wounds and injuries of the blood-vessels from without, by puncturing, 
penetrating, incising, contusing, and crushing instruments, weapons, etc. 
The erosion of vessels by ulcerative processes of -septic origin, ulcerating 
growths; by perforation, by animal parasites (uncinariasis, strongylus 
disease, distoma, echinococci), and by erosion, caused by diverse 
inflammatory and degenerative lesions involving the blood-vessels (gas- 
tric hemorrhage in peptic ulcer, metrorrhagia in degenerative disease 
of the endometrium, hemoptysis in pulmonary tuberculous). Among 
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the mechanical causes must be included the rupture of the blood-vessek, 
whether arteries or veins, when diseased, by sudden exaggeration of 
the blood-pressure, as in apoplexy, hemorrhoidal flux, and other intes- 
tinal hemorrhages caused by obstruction of the portal circulation, etc. 

The rmcrotrophic dyscrasic hemorrhages may be classified under the 
various conditions which underlie their causation. These conditions, 
however, are far from being well understood. The hemic intoxications 
or toxemias which injure and alter the delicate and sensitive tunics of 
the blood-vessels also produce changes in the physical and chemical 
composition of the blood, affecting its coagulability and thus favoring 
its escape through the vessel-walls. 

The histologic lesions ol)served in the vascular walls in the hemor- 
rhagic diseases and conditions caused by the presence of micro-organ- 
isms and their toxins in the blood are variable, but they may be summed 
up as a cloudy swelling, edematous swelling of the endothelium of the 
smaller capillaries — sometimes to the extent of obliterating the lumen 
of these vessels; fatty, hyaline degeneration and, frequently, a paren- 
chymatous degeneration of the muscularis of the arterioles — this lesion, 
however, being secondary in importance to the endothelial changes 
which are essential and fundamental in the process. 

In the great septicemias in which not only the toxins but the living 
organisms themselves infest the blood in large numbers (e. g., typhus 
exanthematicus, bubonic pest, and in some of the general staphy- 
lococcus and streptococcus infections) — the numerous punctiform and 
larger extravasations which occur on the skin and mucous surfaces are 
accounted for by the presence of living organisms which plug the capil- 
laries in large numbers. They attract masses of leukocytes wliich accu- 
mulate in the smaller veins and capillaries, forming gelatinous plugs or 
thrombi. The walls of the capillaries, thus obliterated, undergo nutri- 
tional and degenerative changes which make them permeable to the 
blood elements, thus accounting for the minute but visible hemorrhages. 

The neuropathic hemorrhages are the least understood. They are 
evidently dependent upon disorders of the sympathetic or vasomotor 
nerves. Menstruation is a physiologic type of these hemorrhages, and 
certain epistaxes, hemoptyses, gastrorrhagias, the hemorrhoidal bleed- 
ings of a periodic type, occurring as vicarious hemorrhages when the 
menses are suppressed, are conspicuous in this group. 

General Physiologic and Histologic Data.— The physiologic limit 
of blood-loss compatible with life has been the subject of interesting 
and extensive study and experimentation from the earlier researches 
of Herbst (1822) to the present time. The total quantity of blood in 
the body has been determined approximately by physiologists to be 7.7 
per cent, (one-thirteenth) of the body weight. That is, a man weighing 68 
kilos (150 pounds) has about 5236 grams or 4965 c.c. of blood in his body, 
or, roughly, about 6 liters or 5 quarts of blood. In man, death is inevitable 
when an adult loses at one time one-half (4 to 6 pounds) of the total 
volume of blood, whereas a more considerable but gradual loss may be 
followed by recovery. The most severe hemorrha^ in surgical bpera^ 
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tions very rarely exceed 3 per cent, of the total volume of blood. As 
a rule, the smaller the animal and the more rapid the hemorrhage, the 
more severe are its effects. Children are much more susceptible than 
adults and may die after very small hemorrhages, while women will stand 
the effects of hemorrhage much better than children or men. 

As pointed out by Cabot and others, comparatively slight hemor* 
rhages, which could not impoverish the blood of an adult, may pro- 
duce considerable miemia. 

In the aged or arteriosclerotic from pathologic causes the dangers 
of acute hemorrhage are still greater, owing to the loss of elasticity and 
contractility of the vessels and the inability of the diseased arterioles to 
respond to the call for compensatory vasoconstriction. 

Observations upon healthy adults have shown that a loss of about 
60 O.C., corresponding to about 260 millions of red corpuscles, is imme- 
diately replaced without diminution of hemoglobin or erythrocytes out 
of the reserve fund of the vascular S 3 rstem (Arneth). Clinical observation, 
as well as animal experimmits, prove that even double or trii^e the total 
amount of blood may be lost intermittently in the course of a few months 
and be completely repaired. Indirectly, this indicates that there exist 
a constant and extensive formation and regeneration of the corpuscles 
of the blood in normal conditions, which prepare the organism and con- 
pensate it for the losses sustained in hemorrhagic accidents. 

Patients recover after the persistence, for weeks and months, of less 
than 2,000,000 erythrocytes to the centimeter. That the mere depriva- 
tion of the oxygen-carrying function of the blood usually plays no essential 
part in the causation of death from hemorrhage is shown by the fact 
that in certain chronic hemolytic diseases of the blood, such as chlorosis 
and pernicious anemia, the er^hrocyte count may be reduced to 600,000 
or 600,000 instead of the normal 6,000,000 reds (Ha}rem and W. Hunter), 
and yet the respiration of the individual will not appear to be perceptibly 
affected. In a case of acute posthemorrha^c anemia, observ^ by Dock, 
the count fell to 357,600 reds per centimeter. 

The immediate source of danger from sudden loss of blood is the fall 
of blood-pressure to a point at which the circulation cannot be m^- 
tained. Up to a certain point the effect of the loss of blood on the 
blood-pressure is completely neutralised by a general peripheral con- 
traction of the arterioles in response to a stimulation of the vasomotor 
center in the medulla. After very severe and sudden hemorrhage 
the arterial pressure falls rapidly and suddenly and death will 
ensue unless means are taken to meet the threatened failure of 
the circulation. The readiest way in which this can be done, as wfll 
be shown in greater detail later, is to replace the lost blood with a 
certain bulk of fluids To meet the danger thus arising .the amount of 
blood is more important than its quality (W. Himter). . 

Tim faotoiu that entw into the fall of the blood-pressure and are the" 
essential cause of death in acute hemorrhage are; The sudden anemiaof 
the bidi^ vasomotor and higher nerve>cent«e, which are thus erippl^.’ ' 
or inhibited, , and are uttable to regulate the vasomotor mechanism, and .-.- 
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the sadden diminution in the amount of blood circulating in the blood 
chambers and in the myocardium itself. “Loss of blood predisposes 
to shock because shock is due to a disturbance of the vasomotor 
mechanism, and the diminution of the fluid contained in the vessels 
means an additional tax brought to bear upon the vasomotor center in 
maintaining a given mean blood-pressure. Every such stress placed 
upon this center diminishes the total amount of functional reserve it 
may have.” 

The effect upon the blood-pressure is most sudden in venous hemor- 
rhage from the large venous trunks because the quantity of blood sup- 
plied to the heart is more immediately reduced, the cardiac output being 
directly proportional to the venous pressure. The blood-pressure is 
only a quarter of a pound to the square inch in the veins, whereas in 
the arteries it amounts to four pounds to the square inch, or from ten 
to sixteen times that in the veins. (See Vol. I., pp. 79 and 922.) 

Quantitative and Qualitative Changes in the Blood. — At the 
very time when the blood is escaping from the vessels there is an effort 
on the part of the organism to compensate for the diminution of the 
total bulk by a progressive dilution of the remaining blood to fluid con- 
tributed by the tissues. Concentration for the time being is a minor 
consideration as compared to quantity, for the heart must have some- 
thing to contract upon in order to prevent an irremediable fall of blood- 
pressure. Posthemorrhagic blood is hydremic blood, independently of 
artificial measures (saline infusion) applied to dilute it. The hydremia 
affects principally the plasma, but Herz found the relative volume of 
the red cells tripled ten hours after a very severe hemorrhage, indi- 
cating that they had absorbed much water (Ewing). 

The restitution of the plasma is obtained from at least three sources: 
(1) From the lymph-stream (greater outpour of the large lymphatic 
ducts) ; (2) the more active absorption of water and fluid ingesta from 
the alimentary canal; (3) the osmotic filtration of the plasma of the tis- 
sues into the blood through the walls of the capillaries. The reconstruc- 
tion of the chemic formula of the blood, especially in the albumin con- 
tent, requires intestinal assimilation of the proteids contained in the 
ingesta, which accounts for the longer time required for this process to 
be perfected and presupposes the integrity of the digestive tract. 

The changes in the morj^udogy of the blood after traumatic hemor- 
rhage are striking, and are noted in blood examinations more promptly 
than after the loss of blood arising from pathologic conditions, as in 
bleeding fibroids, ulcer of the stomach, cancer, hemorrhoids, etc. If 
profuse hemorrhage is continued for a long period of time or occurs as 
a sudden great loss, a profound anemia may occur and the regeneration 
•'f blood maybe rendered impoenble. On the other hand^ healthy men 
r ecover rapi^y from 'moderately severe hemorrhages, and so completely 
;>iat the cells may be more numerous than b^ore (polieythemia), 
ram apparent overstimulation of tbei bone-marrow. Die, purgativec^ 
vveating, and other preparatory peeures usually cause .a rdativdy 
>Sh red count Unmediatdy btfdteitfai operation by the ooneeutration of ^ 
vot.T— 12 
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theblood. Summed up in brief, the blood changes are as foUows: A 
difigia large hemorrhage reduces the cells in proportion considerably 
less than the effect upon the volume of blood, beginning half an hour 
after operation, reaching a maximum effect in three to four days, and 
followed by a restitution to the normal number in nineteen to twenty- 
four days (Lyon). The period required for the regeneration of the blood 
depends upon age, the most active period being between the twentieth 
and fortieth years; and upon sex, male adults being the quickest to 
regenerate, then women and children. Most important, however, is 
the state of the nutrition. It has been found that a full diet, full 
supply of water, and intravenous infusion of saline solution greatly 
accelerate recovery. The immediate effect of hemorrhage is to reduce 
the hemoglobin-index and eiythrocyte count, the color-index dropping 
with the count on parallel lines. After the hemorrhage is arrested, 
when regeneration begins, the corpuscles are reproduced more quickly 
than the hemoglobin, colorless cells abound in the blood, and the 
color-index is rdatively low. As regeneration advances the erythro- 
cytes may exceed the normal as a reactionary phase and then return 
to the usual standard. The hemoglobin, in the mean time, increases 
and the standard is restored.' 

The usefulness of the hemoglobin-index as a guide to operative 
interference, upon which Bierfreund and Mikulicz at one time laid so 
much stress, has been considerably exaggerated. Mikulicz laid down 
the rule that patients showing less than 30 per cent, hemoglobin should 
not be operated upon. As Denver very properly remarks, in all emer- 
gency hemorrhages the hemoglobin estimation and the red-cell count 
can scarcely be of any immediate value to the surgeon, since his prime 
thought, except in lethal cases, is directly to check bleeding if possible, 
and, as Lazarus says, “the histolo^e changes peculiar to acute anemia 
compatibie with life are found at the earliest twenty-four hours after 
hemonhage.’' “In symptomatic or chronic anemias occurring with 
small, but frequently repeated hemorrhages, in association with or as 
a result of chronic suppurative processes of tumors, the value of the 
hemoglobin-index and bloocf-count is 'to be considered not from a 
diagnostic but from a prognostic standpoint. Given in these cases a 
hemoglobin percentage of 25, a paucity of small, distorted red cells, 
and a diseased, spoiled body, I consider' the patient’s condition provoca- 
tive of the surgeon’s most serious and sober contemplation ” (Denver). 

The most important posthemorrhagic change in the blood is a 
more or less marked leukocytosis, chiefly of the polymorphonudew* 
neutrophiles. A severe hemorrh^ is usually followed by a rise of the 
leukocjrte count to 30,000 or 40, (XX). The highest leukocyte count to 
made almoet invariably on the day after the operation (Frazier and 
Halloway). The blood-plates show a marked posthemorrhagic inereaM/ 
and it is to this fact that the increased coagulability of the blood id; 
hemorrhage is chiefly attributed; : ; i V 

The Regeneration of the Blood. — ^The blood to, of all the ttoM^ 
rmost rapidly and completely repaired and regenerated. : ^ 
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The regeneration of blood elements is not effected simultaneously, but in gradual 
stages, in which the plasma occupies the first rank, the leukocytes and platelets the 
second, and the erytlirocytes and hemoglobin the last. In pathologic states in 
which the blood-making organs are crippled by infectious processes or d^enerative 
conditions, or in hemolytic processes in which the blood elements arc constantly 
destroyed as rapidly as they are produced, the regeneration of the blood proves 
abortive (c. g.^ pernicious anemia, chlorosis) or is totally arrested. In ordinary 
posthemorrhagic diseases secondary to uncomplicated traumatisms the blood is 
rapidly regenerated, as in the experimental hemorrhage obtained in normal animals. 
The meclianism by which the plasmatic deficiency is promptly met by provisional 
hydre^mia has already been indicated. The cellular or formed elements of the blood 
are bom chiefiy out of the proliferation of the bone-marrow, the germinal centers 
of the lymphatic nodes (Keimcenirerij l^leming), tlie Malpighian corpuscles of the 
spleen, the liver, and the lymphoid tissue of the intestinal tract, thymus, adrenals, 
etc. In all tliese tissues the activity of the proliferative process is directly propor- 
tional to the blood loss. In the tissues in which hematogenesis is most active a 
reversal of type, from the adult to the embryonal form, is observed, as in the bone- 
marrow (the yellow marrow becoming red), the embryonic nucleated cells (ery- 
throblasts and Icukoblasts), which are the product of karyokinetic changes in the 
parent tissue, often appearing in the blood as nucleated cells long before they have 
attained maturity. In brief, the regeneration of the blood resolves itself, in spite 
of its multiform and complex phases, into a simple illustration of the reaction of 
the living tissues to injury, in which the damage inflicted by accident or disease is 
repaired, as in all other tissues, by a return of the t>arent tissue to the embryonal 
ty|)c and its reproduction by the karyokinetic process (Mayer and Heineke). 

In surgical conditions it is very seldom that more than 3 per cefit. of the blood 
volume is lost. Therefore, after surgical procedures, the blood should reach its 
normal within two or three weeks, as far as the regeneration required by hemor- 
rhage is concerned. If the normal is not reached after a traumatic hemorrhage 
(operative) within three iveeks, some pathologic condition, possibly latent, as cancer 
or tuberculosis, is interfering with complete regeneration (Crilc). 
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Surgical Varieties of Hemorrhage.— Classificatioii.— Hemor- 
rhage may occur under one of four different forms or all combined, its 
special designation being derived from the seat of the lesion, namely, 
arterial, venous, capillary, and parenchymatous. 

Arterial Hemorrhage. — ^This, the most formidable variety, is dis- 
tinguished by the rapid and copious outpouring of bright red oxygenated 
blood, which spurts in jets from the injiu«d vessel synchronously with 
the heart-beat. In the estimation of the color as an index to the source 
of hemorrhage it must be kept in mind that in deep chloroform anes- 
thesia or partial asphyxia arterial blood may take a purplish discolora- 
tion. The diminished output of the heart soon expresses itself by the 
gradual weakening of the spurt from the wounded artery. The bleeding 
may be interrupt^ by compressing the vessel l)etween the heart and the 
wound, unless there is extensive vascular union by large anastomoses. 
The bloorl flows in an even stream instead of in spurts when an arterial 
lesion is deeply situated, and communicates only by a narrow opening 
with the exterior. 

Venous hemorrhage may be mistaken for arterial hemorrhage 
when there is an exaggerated local hyperemia, causing the venous blood 
to look like arterial blood. Exposure to the air of blood escaping from 
a vein results in prompt oxidation, with the attendant arterial tint. A 
bleeding vein may be temporarily conti:plled by compressing the vessel 
between the capillaries and the wound, whereas the hemorrhage in- 
creases in intensity when the vessel is compressed between the heart 
and the wound, since all the blood is thus made to flow through the 
opening. Pulsation may be simulated to a certain extent when the 
bleeding vein is lifted by a neighboring artery, as, for instance, the basilic 
vein by the brachial artery; or when thejntravenous pressure is altered 
by thoracic aspiration, as in the vessels in the base of the neck (Reclus). 
Hemorrhage from the large venous trunks was observed by Crile 
to produce the most profound effect upon the blood-pressure (vide 
ante). 

Capillary hemorrhage consists in the oozing of blood from a num- 
ber of minute points in the exposed surface. This form of hemorrhage 
becomes a source of danger only through its persistence, since but little 
blood is lost at each bleeding point. It wells up in a wound like water 
from a squeezed sponge. Coming from the mucosa, capillary hemor- 
rhage is more serious than from superficial skin woun^ on account 
of the t^ter vascularization of the former. The blood lost in capUlaiy 
hemorrhage is not m bright as arterial blood, and at the same time u ; 
less dark than venOiis blood. The outpour may be oonriderable when it.' 
■comes from inflamed parts under increased blood-pressure (phlegmoh)r| 
ftohr very vascular organs (tongue, cervix, anus), or when there is fii 
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certain degree of vasomotor paral3r8is, as after prolonged Esmarch 
iachemia. 

Parenchymatous hemorrhage is characterized by blood of partly 
venous and partly arterial origin. To a certain extent it coincides 
with capillary hemorrhage, but occurs also from parts or organs where 
there is no capillary system proper, minute arteries opening directly 
into veins, as in the spleen. In other than hemophilic subjects the last 
two varieties of hemorrhage have a tendency to subside spontaneously 
by the formation of minute thrombi at the divided ends of the vessels. 
Svbcutaneous, submucow, and interstitial hemorrhages have already 
been fully considered. 

By the time of its occurrence, hemorrhage is differentiated into (1) 
primary, (2) readionary, and (3) secondary hemorrhage. Primary hem- 
orrhage is the immediate result and evidence of vascular injury or lesion 
appearing under either of the anatomic forms of hemorrhage. Reac- 
tionary hemorrhage, also called intermediary or consecutive, is usually 
the consequence of the return of the blood-pressure after restoration 
from sudden vascular depletion. The provisional clot formed during 
the syncopal state, plugging the divided end of the vessel, is swept 
away. Subsequent to a surgical operation it may occur as the result 
of slipping of a ligature. The usual time of its occurrence is within the 
first twenty-four hours following traumatism. Secondary hemor- 
rhage is relatively a rare event since the advent of asepsis. Its most 
common cause is ulceration of the vascular walls, due to septic arteritis. 
Incomplete repair of the wounded vessel in an aseptic wound rarely is a 
causative factor. The usual time of its occurrence is between the sixth 
and fifteenth day after the injury. 

Symptomatology and Clinical Characteristics.— The clinical pic- 
ture of hemorrhage varies enormously, as in the extremes presented by 
the deadly — almost instantly fatal — outpour from a wound of the aorta, 
vena cava, or any other trunk of the first magnitude, to the slow but 
progressive development of symptoms following the extraction of a 
tooth in a hemophilic subject. Apart from the volume of blood and 
the rapidity of the flow, which are the essential factors in determining 
the characteristic symptom-complex of hemorrhage, the age, sex, and 
condition of the individual in reference to pathologic statM greatly 
influence not only the picture, but the ultimate effects of the hemor- 
rhage. The seat of the hemorrhage or the organ involved in the 
bleeding gives a special individuality to the symptomatology as well 
as a distinctive effect upon the organism. The extravasation of a few 
drops of blood into the medulla may prove instantly fatal; a clot in 
the brain weighing less than an ounce will cause the gravest wd most 
permanent disorders, while the same amount under the skin will scarcely 
be noticed. A few ounces of blood coughed up, or vomited, or excreted by 
the kidneys: will create distinctive groups of symptoms which ra other 
localities would attract little or ho attention. 

Leaving out of consideration the hope^ cases in which death oecun 
almost immediately after the injury of a great blood-veseti, the uneon- 
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trolled bleeding from the peripheral artery of secondary magnitude 
(brachial, superficial femord), or if we tate as examples the hemor- 
rhages which occur in the abdomen, neck, and thorax after penetrating 
wounds, we shall find a train of symptoms which are typical of acute 
surgical anemia. The symptomatology in these cases will often be 
initiated with the first gush of blood and the failure of the first efforts 
of the patient to arrest it. Fainting will occur, a purely emotional 
swoon or faint (lypothymia), in which consciousness is lost, but with 
comparatively slight disturbances in the pulse, heart, or arterial tension. 
This faint .must not be mistaken for true syncope due to cerebral or 
bulbar anemia, or for the terminal syncope occurring as the last and 
fatal expression of an irremediable .hemorrhage. The initial faint is 
a purely psychic phenomena of an emotional character which is not at 
^1 dependent upon the depression of the circulation. If the patient 
falls to the ground, lying horizontally, the temporary diminution of the 
arterial tension will diminish the hemorrhage or even arrest it for the 
time being; consciousness will soon return and with it the vigor of the 
heart’s action, with a reestablishment of the hemorrhage as actively as 
before the loss of consciousness. The true evidences of progressive 
vascular depletion will now assert themselves. Prostration will follow 
mere weakness. The anxiety of the patient will increase. Fingers 
and toes, hands and feet, will become cold, and the entire surface will 
feel chilled and clammy. The pulse, previously quickened by excite- 
ment, will beat faster, becoming smaller and more compressible as the 
hemorrhage progresses. The temperature will fall steadily, even if there 
is fever at the. time, becoming subnormal as the flow continues. The 
breathing becomes short, hurried, sighing, and distressed as the patient 
gasps for breath. A cold sticky sweat breaks out on the forehead and 
chest and the palms of the drooping hands. Yawning is frequent, in 
strange contrast with the general distress and grave disturbance in 
the respiration. Restlessly, the patient throws about his extremities, 
especially the arms, calling for water to quench an intolerable thirst. 
At this stage, if the patient will sit up, he may suddenly fall back 
in synbope, a grave manifestation due to actual reduction of the blood 
mass, deficient heart action, and lack of Vasomotor compensation. In 
this true syncope the patient’s appearance simulates death, the pulse 
is extreipely. ieeble and beats at long intervals, the respiration is 
shallow and almost suspended. 

In this ^copal state the hemorrhage is arrested and spontaneous hemostaris 
by coagulation in the wound is most likely to take place. The great retardation 
as well as shallowness erf the pulse-wave favors the formation of a provisioruil clot, 
which in tlie smaller vessels may permanently plug the wound. 

If, however, stimulating- measures are applied without adequate 
closure of the vessel, the systolic impulse will increase, the vascular 
tension reCum, and the pro visional, clot will be washed away, followed 
by a reestablishment of the hemorrhage. As this progresses the skin 
b^mes waxy, livid, and assumes a cadaveric hue, especially about the 
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lips, ears, and eyelids. The pupils dilate widely, the sunken eyeballs are 
thrown about in jerky movements. The mouth gapes wide, the tongue 
is dry, crisp, and hard from dehydration, the voice is husky. The 
pulse becomes weaker, more hurried, thready, and irregular. The 
heart merely flutters in the chest. The arterid pressure drops con- 
stantly. Muscular twitchings of the limbs shake the exsanguinated 
body. If consciousness is retained, the patient is likely to complain of 
vertigo with nausea and retching; roaring sounds are heard in the ears 
(tinnitus), dark specks flitter before the eyes (muscse volitantes), flashes 
of light, which just before the end are replaced by a deepening pall of 
darkness. Consciousness is now lost, the pulse flickers, and the respira- 
tion assumes an irregular spasmodic or a Cheyne-Stokes type. With 
these evidences of bulbar failure the terminal syncope with total 
arrest of the heart’s action soon follows, preceded by general muscular 
twitchings — sometimes general tetanic convulsions, irregular pupillary 
movements, ending in wide dilatation and fixation, with relaxation of 
the vesical and rectal spliincters, and death. 

Post-hemorrhagic Phenomena. — When the hemorrhage is arrested 
by timely surgical intervention and the blood loss is small, the patient 
usually recovers after a variable time, during which the secondary anemia 
is corrected. In some cases temporary measures may arrest the 
hemorrhage before the terminal syncope has been reached and death 
may lie thus averted. But if the depletion has reduced the blood to 30, 
40, or 50 per cent, of its normal volume, the patient will ultimately 
succumb in from twelve to forty-eight hours. Unless the blood is 
reinforced by the infusion of living blood of the same species — mere 
dilution of the saline solution being inadequate— ^eath will inevitably 
take place. When the hemorrhage is arrested in the preagonic stage, 
a patient may recover consciousness temporarily though the mind still 
remains cloudy. All the signs of acute anemia continue, with dilated 
pupils, headache, nausea, rapid pulse, dyspnea, arrested secretions, 
extreme prostration, subsultus, delirium, multiple twitchings, and, 
finally, death preceded by coma. 

Frequently repeated hemorrhages will bring about the same fatal 
results in the end as observed after one large continuous hemorrhage. 
In these conditions the malnutrition brought about by the initial 
hemorrhage is perpetuated by the return of the hemorrhage, which 
interrupts all efforts at repair and regeneration of the blood. In these 
conditions there is an ''aqueous plethora” and apparently no loss 
of flesh, the tissues are pale, waxy, and puffy, suggestive of dropsical 
infiltration or edema. There is exhaustion at the least effort, the 
pulse is rapid, the temperature is above normal, with periodic 
remissions and exacerbations. The Hb index and blood-eount remain 
low, and the blood-picture is very much like that of chlorosis. With 
each successive hemorrhage the pallor becomes greater and the hemic 
murmurs heard at the base of tim heart and throughout t& great 
vessels become louder and loader. ^ Finally, the end oomes as a result 
of progressive exhaustion and perverted metabolism. 
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Some patients recover from profuse hemorrhages with a violent 
reaction. There is a general erythism of the vascular system (Hayem). 
After the arrest of the hemorrhage the heart beats with violence, the 
pulse is full and bounding — 120 and over — throbbing is felt in the 
temples and subjectively in the peripheral vessels. There is roaring 
in the ears; phosphenes in the eyes; the head feels full and heavy. The 
temperature rises above normal (“hemorrhagic fever," which in no 
case is to be confused with the septic wound fevers) and a state 
of mental exaltation prevails. The condition of these patients is sug* 
gestive of the vascular and nervous erythism observed in exophthalmic 
. goiter. This condition often occurs also as a prodrome or precursor 
of a recurrent hemorrhage. 

Differential Diagnosis Between Hemorrhagic Collapse and 
Shock. — In the emergencies of surgical practice a differentiation 
between these two conditions, or even the preponderance of one over the 
other, is extremely difficult; this difficulty being felt especially in those 
cases of suspected concealed hemorhage in which the early differentiation 
would be helpful to the surgeon. The distinction made by Crile (Vol. 1., 
p. 922) between shock and collapse — viz., that shock is essentially a 
paralysis or, at least, an exhaustion of the vasomotor center, while in 
the collapse of hemorrhage there is no such exhaustion, but merely a 
suspension or inhibition of function — is of no help practically, because 
the two conditions when viewed in typical cases are clinically identical. 
Even syncope, which is distinguished from collapse or shock by sudden 
loss of consciousness, dependent upon the retreat of the blood from the 
brain, due largely to psychic influences, is difficult to distinguish from 
either shook or collapse, especially when associated with injury. 

The differentiation between the collapse or syncope of Iremorrhage 
from shock is most important in critical cases in which concealed pro- 
gressive hemorrhage is suspected, as in the great traumatisms, gunshot- 
wounds of the abdomen and thorax. In these cases prompt action is 
required to save life, and yet the surgeon is often perplexed and hesi- 
tates, unable to decide whether he should interfere or not. If hemor- 
rhage fs the cause of the collapse, there is evidently no time to lose in 
opening the cavity and securing the bleeding point at once. If shock 
is the dominant condition, a formal laparotomy would only add to the 
gravity of. the case. When the condition of the patient is such as' not 
to justify delay for observation, the only course left to the surgeon is 
to proceed as if he were dealing with hemorrhage. In these extreme 
cases the patient will rally and react immediately after a hot intra- 
venous saline infusion if hemorrhage is the dominant element. On 
the other hand, if there is no hemorrhage and shook is the essential 
element, os seen in the great visceral traumatisms, and in cases of pro- 
found and overwhelming sepsis, there will be no reaction, no circulatory 
response, or at least such as give the pulse sufficient volume and 
stability ^ warrant the opener in proceeding with an exploratory 
operation. This sort of therapeutic test I have found more reliable 
thw any other in practice, t^ugh 1 find that with increasing ex- 
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perience the application of saline infusion as a test has become less 
frequent than in former years. In less acute cases the differentiation 
of hemorrhage from shock will be assisted by the blood examinations, 
which will show a steady fall in the red blood-count, with a reduction in 
the Hb index. This, in connection with the history of the case, a 
steadily rising pulse and falling temperature, will help to differentiate 
the two conditions. Furthermore, if there is progressive hemorrhage in 
the abdominal and thoracic cavities, the development of physical signs, 
such as increasingly dull areas on percussion corresponding to the seat 
of the blood accumulations, will help to clear up the diagnosis. But 
in practice the duty of the surgeon when in doubt as to the existence or 
progress of hemorrhage is to proceed directly to the exploration of the 
suspected region, as, for instance, the abdomen, where, by a small incision, 
under local anesthesia, he will be able to determine quickly the true 
nature of the case. When there is no immediate urgency, as in some 
early cases of extra-uterine pregnancy, in some forms of threatened 
perforation in typhoid, or in acute peritoneal sepsis which may be con- 
fused with hemorrhage, a surgeon may avail himself of blood exami- 
nations to determine the Hb index and blood-counts, made at short 
intervals, as valuable helps in arriving at conclusions. 

A large internal hemorrhage, as from a ruptured extra-uterine gestation sac, or 
ruptured spleen or kidney, or ulcer of the stomach or duodenum, causes a loss of 
red corpuscles and induces a leukocytosis. When such blood changes are noted, 
they are valuable in differentiating the conditions attended by hemorrhage from 
intestinal obstniction or peritonitis. Cerebral hemorrhages can be differentiated 
from concussion of the brain by the concomitant leukocytosis. The leukocytes may 
rise in number as high as 20,000. A mild degree of shock calls forth a sliglit rise in 
the number of leukocytes. Severe shock paralyzes the leukoblastic tissues temporarily , 
as a resvU of which a transient leukopenia ensues.** 

It is important in interpreting the significance of leukocytosis in post-hemorrhagic 
cases not to overlook the fact that many drugs (potassium iodid, quinin, salicylic 
acid and the salicylates, antipyrin, protonuclein, digitalis, morphin) all cause a 
leukocytosis. Ether and chloroform liavc a vigorous hemolytic action, wluch is 
followed by polycythemia from overstimulation of the blood-making organs. On 
the other hand, it is followed by a comparatively high reactionary leukocytosis 
(average 30 per cent.), more than before anesthesia (DaCosta), the rise occurring 
during anesthesia and lasting about twenty-four hours. Purgation and saline in- 
fusion are also followed by a leukocytosis which may prove deceptive. 
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Prophylactic and Provisional Hemostasis.— The numerous re- 
sources for the prevention of hemorrhages are among the greatest 
contributing factors to the development of modern surgery. Indeed, 
of ail the operative causes of shock, admittedly the first and chief 
is hemorrhage, then pain, and injuries to the nerves. “The older 
the surgeon, the greater becomes bis respect for a drop of blood” 
(Dawbarn). 

Among the agents to be considered in prophylactic hemostasis 
besides the constitutional measures which affect the blood-pressure, 
the contractility of the peripheral blood-vessels, or increase the coag- 
ulability of the blood are the following: 

Position. — Elevation. It is through the vasomotor system that 
the influence of changes of position on the circulation is dmost com- 
pletely compensated, especially in man and those animals to which 
the upright position is normal. While in normal men and animals 
the influence of gravity is largely neutralized by the compensatory 
mechanism of the vasomotor system, it is well known that this com- 
pensation is lost in a great measure when the vasomotor center in the 
medulla is inhibited, weakened, or exhausted by conditions which 
affect the intracranial circulation, acute anemia from hemorrhage, 
shock from extensive traumatisms, powerful emotional influences, 
the circulation of the toxic agents in the blood (chloroform, ether, 
bacterial toxins, etc.), exhaustion, and malnutrition from disease. In 
the constant play between the hydrostatic and hydrodynamic factors 
(heart and vasomotor nerves) the equilibrium of the circulation is 
easily disturbed by any element which will weaken or diminish the 
sensitiveness and energy of the vasomotor center which is constantly 
adjusting the differences in the blood-pressure caused by position and- 
gravity. A knowledge of these elementary physiologic facts is of almost 
daily application in hemorrhage. The influence of general anesthesia, 
by chloroform or ether, as well as of the great surgical infections, is most 
marked in its weakening effects on the vasomotor centers, and, there- 
fore, when utilized judiciously, is a most valuable agency in obtaining 
postural anemia as a prophylactic of hemorrhage. Elevation of a bleed- 
ing part is not only a valuable hemostatic in preventing but also in 
controlling hemorrhage. Elevation of the head and trunk has a most 
potent influence in draining the blood supply away from these parts. 
No operating-table is complete without provision for the “head-up” 
position. In cranial, facial, and cervical operations, if the patient is 
tilted up to an almost upright position, a relative "gravity anemia” 
will be obtained proportional to the degree of elevation and depth of 
anesthesia. In this way the blood supply to the brain will be notably 
diminished and the hemorrhage from the elevated parts will greatly 
lessen; at the same time the amount of anesthetic required will be 
much less than would be needed in a horizontal position. 

Propfi^dactio hemostasis is also advantageously obtained in pdvie 
and Mcral operattoOe by elevating the pelvis with the thighs flexed or 
by the sictreme IVend^nburg or Sims’ positions. Senn has especially ^ 
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demonstrated its value in extirpation of the rectum by the Kraske or 
the perineal routes. 

VertiaA devotion of the bleeding part will often quite suffice to 
control bleeding in wounds of the foot, leg, or forearm. The benefits 
of the elevate positions can be supplemented in many cases, in both 
the upper and lower extremities, by combining pressure with flexion, 
which offers an additional impediment to the peripheral circulation. 
Thus, the leg should be flexed on the thigh and the thigh on the pelvis 
at an acute angle. In the upper extremity, by extreme extension of 
the arm on the shoulder-joint backward, and flexion of the forearm on 



c d 

Fia. 64.— Digital oompreasion of carotid artery; 6, cubelavian artery; e, brachial artery; 
d, femoral artery, (llarwedel.) 

the arm, the bleeding in the distal areas of the extremities will be 
practically controlled. In severe hemorrhages, from comparatively 
large vesseb at or near the root of Umb, elevation and flexion are of 
little value and must yield to more reliable measures. 

Pressure.' — Whether diredly or indireetly applied to control a bleed- 
ing surface, pressure in its numerous forms of application is the most 
generally available and efficient agent for the control of hemmrrhage. 
As a mechanical principle it is the basis of digital <nr manuid compr^ 
sion, of the. elastic bandage, the constrictor, or the tourniquet; the. 
tampon or pack, fordpressure, .anpotriphy, acupressure, the ligature. 
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and the suture; therefore, as a fundamental method, it rightly stands 
first. 

Bleeding from a wound, whether arterial, venous, or capillary, may 
be promptly controlled by immediate compression, exercised with the 
fingers inserted in the wound and directly agmnst the bleeding point. 
Direct digital compression, which is the simplest, quickest, and most 
certain of the provisional hemostatics in all accessible wounds, can be 
replaced by compression of the afferent artery which supplies the region 
involved in the hemorrhage. Thus, in wounds of the neck the common 
carotid may be controlled by energetic pressure on the vertebral column 
opposite the transverse process of the sixth cervical vertebra (Ghas- 

saignac’s tubercle), by 
forcing the tips of the 
fingers on the artery at 
this point to the inner 
side of the stemomastoid 
muscle (Fig. 64, a). The 
subclavian can be com- 
pressed, in subjects that 
are not too stout, in the 
third part of its course 
by forcing the thumb 
vigorously on the artery 
as it rests on the first rib 
behind the clavicle, while 
the palm of the free hand 
of the operator forces 
down the corresponding 
shoulder. At the same 
time the stemomastoid 
is relaxed by turning the 
patient’s face away to- 
ward the opposite side 
of the injury (Fig. 64, b). 
The brachial can be con- 
trolled by pressure in the 
upper arm (Fig. 64, c). 

The common femoral 
is most superficiid under 
Poupart’s ligament, where it can be readily compressed by the fingers, 
which jam it back upon the pubic ramus directly in the groin (FHg. 64, d). 

It was at one time recommended that the common and inUmal iliac 
arteries be compressed for prophylactic hemostasis by the fingers after 
the hand has bMn introduced into the rectum ( Wo^bury) or with a 
lever (Dav^) ; but these methods were so unsurgieal, unsatisfactory, 
and unreliable that they promptly yielded in the aseptic period to the 
method of intraperftoneid compression of the artery with the fingers ~ 
(McBuimy, 1897; Battle, 18%) or with provisional clamps or tractknt. 
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loops whenever digital compression is indicated for the control of heni> 
orrhage in the territories supplied by the iliac arteries. 

Compression of Ow aorta by Macewen’s method is applied by throw- 
ing the weight of the body on the abdominal aorta, as it rests upon the 
vertebral column, through the closed right fist of the operator placed 
a little to the left of the middle line, the knuckles of the index-finger just 
touching the uppr border of the umbUicus (Fig. 65). Only enough 
pressure is required to stop the femoral pulsation at the groin. This 
method is only applicable to very thin patients with relaxed abdominal 
walls or aided by general anesthesia. It is often unreliable. 

Momburg’s MeOiod of Obtaining Ischemia of the Lower or Infra-vmr- 
bUical Half of the Body by Cuetdar Elastic Constriction.— In June, 1908, 
Moraburg, of Spandau, described a simple method of performing 
bloodless operations on the pelvis, hip, and lower limbs by an elastic 
circular (mediate) constriction of the abdominal aorta. His technic is 
very simple. The waist of the patient is encircled by a heavy rubber 
tube placed midway between the costal arch and the iliac crests. The 
rubber tube should be as thick as the finger, should be stretched to 
the utmost limit of extensibility, and wound around the trunk from 
two to four times until all pulsations are arrested on the femoral arte- 
ries at Poupart’s ligament. The constriction should be applied after 
the patient is completely relaxed by a general anesthetic. To obtain 
ischemia of the pelvic regions, Momburg advises that a preliminary 
anemia of the lower extremities be obtained by applpng the Esmarch 
bandage from the toes to the groin. Then the abdominal constrictor 
is applied, the Esmarch bandages are removed, and the limb allowed 
to hang from the edge of the table, so that the pelvic blood that 
remains may gravitate to the extremities. The blood thus displaced 
is retained in the limbs by applying an elastic constrictor at the root 
of each. The bowels should be well emptied before the operation. 
This method of abdominal constriction has been kept up for forty- 
five minutes and over without ill effects on the intestines. Apart 
from a temporary rise in the blood-pressure and pulse, while the con- 
strictor is in situ, and a fall in the blood-pressure when it is removed, 
no untoward ill ^ects attributable to the method have followed. It 
is especially adapted to operations in thin, relaxed, weak subjects. 
In 9 cases recently reported by Willems the method has proved 
reliable and satisfactory. 

In all cases where digital compression is applied to the larger vas- 
cular trunks, the efiSdency of the compression is tested by the arrest 
of pulsation in the artery immediately below the point of pressure 
or by the cessation of hemorrhage in the wound.' 

Circular constriction, directly over a pad of aseptic gauze 
packed into' the wound, is of all the methods of hemostasis by 
far the most certain and of more general appUcation, dther m a pr^ 
liminary to operation or in aeddents while transporting the wounded 
or waiting for ihore definite surgical action. When an dasUe. bandage 
is not at hand, a toumiqud oaa'be extemporised (as tonght in lA ^ 
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Aid Manuals”) by encircling the limb with a cord, rope, strap, suspender, 
or strip of cloth torn off from the patient’s shirt, bed-sheet, etc., the 
ends being knotted over a club, walking stick, sword, knife, bayonet, 
umbrella, etc., the encircling band being tightened by turning the 
stick on the principle of a Spanish windlass until the bleeding stops. 
More efficient still in emergencies is to wind a piece of elastic tubing, 
rubber gas-pipe, or tube of a fountain syringe several times around the 
limb on the proximal side, stretching the tubing as each turn is 
made, and finally tying or clamping the ends so that these cannot 
slip. In military practice, the first-aid package furnished to every 
soldier in civilized countries provides the necessary materials for a ster- 
ile hemostatic pack or compress, the soldier’s strap being utilized as a 
tourniquet. The Esmarch bandage is preferable to all these makeshift 
contrivances, because the pressure exerted by it is more uniform and 
extends over a large surface. In surgical practice the Esmarch elastic 
constrictor or its derivatives have entirely supplanted the numerous 
special tourniquets and mechanic contrivances which still figure in the 
older surgeries and in the instrument-makers’ catalogues. 

The Esmarch Method. — ^This consists in the application over the 
limb of an aseptic elastic rubber bandage after the limb has been steril- 
ized and covered with a soft towel wet with bichlorid (1 : 1000) or car- 
bolated (2^ per cent.) solution, which is wrapped around the affected 
limb. The elastic bandage is applied tightly, from below upward, in 
an even spiral (without reversing), and is carried as high as is desired. 
The blood is all driven out of the vessel os the bandage is adjusted. 
Immediately above the upper terminus of this elastic roller a rubber 
band or hollow elastic tube is wound several times around the limb with 
sufficient contracting force to arrest entirely all arterial pulsation below. 
The constrictor is then held in place by tying it or by a clamp. After 
the constricting bandage is secured, the elastic roller is removed and 
the limb below the constriction shows a characteristic pallor which 
markedly contrasts with the healthy ruddiness of the parts above. 
The operation can then be performed precisely as upon a cadaver, and 
is absolutely bloodless. 

In applying the elastie constrictor or tourniquet at the root of the limb the follow^ 
ing precautions should bo observed: (1) Never apply the constrictor over the leg 
or forearm, as the Interosseous vessels are protected from pressure by the two bones 
of these regions, and hemostasis must be imperfect. Always apply the elastic tour- 
niquet over the femoral or humeral shafts, or at such points that no vessel can es- 
cape a drcumferential compression; thus, In the lower third of the femur just above 
the condyles the rigid abductor magnus tendon may interfere with the comidete 
comprestdon of the femoral. (2) In applying the elastic tourniquet begin byemn- . 
preemng the vascular or adductor side, leaving the outer or extensor surface of tiie 
limb free from pressure, so that voious choking of the Umb may be avoided. This, 
precaution is especially important when the limb is drained of blood byeleviin. 
tipn. (3) While encirding the dastio band, it is necessary to avoid repeated con^; ' 
stiiotion mi the same levpl (linear constriction), as an mcaggerated. oonoentrio oopnf v 
p^mon,' in thin subjects especially, may permanently paralyse the extremis i^| 
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cnishiiig the underlying nerve-trunks and vessels. Therefore, separate each turn of 
the rubber by an intervening space, so as to distribute the pressure. (4) Do not allow 
the constricted member to be suddenly flexed or extended after the constrictor is in 
place, for fear of tearing subcutaneously the underlying muscles and nerves. (5) 
Do not keep the constrictor in place much longer than an hour or an hour and a half, 
because sloughing from prolonged arterial fasting and coagulation necrosis of the 
muscle in the distal parts may take place, causing the very serious deformity known 
as Volkmann’s contracture; or the flaps, in aged or weakened subjects, may slough. 

N This is especially true of operations performed with local or regional anesthesia, in 
which the constrictor is likely to be retained longer for anesthetic purposes. 



Fto. 66 .— Pbofib Mvtbod of Appi.tino thi Elabtxo CoifSTBicroB. (Senn.) 

The Ungth of Hme the constrictor may be allowed to remain in place without 
danger or damage to the tissues is quite variable. Half an hour’s constriction in 
some cases (very much inflamed and infected limbs, and in arteriosclerotic sub- 
jects, diabetic gangrene, and other conditions in wMoh the arterial supply has 
been long imp^ed by vascular disease) may end in gangrene of the peripheral 
parts. In others, simple aseptic necrosis of muscular bundles take place, 
leading to final contracture and rigidity the extremity. In fairly healthy 
robust subjects an hour or even Icmger (Esmarch, two and onorhalf hours) is per- 
nussible, but it should be remembeied that every ad^ticmal hour after the fi^ 
adds to the risk of permanent dama|;e to ^ extremity from protracted S ROT' a* 
IthasbeenobjectedwithgoodrNumDsthat theiscbeituaof aM byfqreiUe 
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elastic compression (Esmarch's method) is likely to be followed by (1) Excessive 
capillary oosing, requiring an undue manipulation and irritation of the injured tissues 
to control it, as well as the ligature of many more vessels than usual. This is due to 
vasomotor paresis of the compressed area and can be corrected by the stimulus of 
very hot water applied to the cut surface and by stroking or superficial massage of 
the limb. (2) It increases the risk of i^ptic embolism and of cancerous metastiuds 
by forcing particles from the diseased area into the venous and lymphatic circula- 
tion. (3) It greatly favors the absorption of toxic chemical antiseptics (W^lfler’s 
experiments). (4) It increases the liability to ischemic necrosis. 

Gravity Ischemia with Elastic Constriction.— These objections 
have led to the application of the Esmarch rubber tourniquet alone, which 
secures satisfactory ischemia without the preliminary elastic compres- 
sion of the entire limb. Instead of applying the elastic bandage, the 
limb is elevated and held up as near the perpendicular as possible, so 
that the blood is drained out by gravity (Fig. 66). While the limb 
is being held up it is stroked vigorously from the tip of the extremity 
(fingers or toes) to the trunk; this process (“milking*' the limb) is fol- 
lowed by the application of the elastic constrictor at the root of the ex- 



Fio. 07.— Showing Application op Elastic Conotrictox to thb Hip. (Marwedel.) 

tramity, when it is evident by the pallor of the akin that it is sufficiently 
exsanguinated. This method is very efficient and, omng to its freedom 
from the objectioqs urged against elastic compression, is alwajrs to be 
preferred in debilitated subjects of low vitality and with impaired per- 
ipheral circulation. 

*-■ 

Sequestration Anemia.— With the same object in view, Dawbam, of New York, 
has recently suggested what he appropriately designates as ** sequestration anemia,'* 
by which a part of the blood mass' Is retained in the extremities m sufficient quantity 
to diminish the general blood-pressure at will. Experience shows that we can, with 
entire ssfety, withdraw into the Umbs some quarts of the whole bulk of blood which 
constltutei Qiie-thirteenth of the individual weight. We can 'sequestrate* before 
operation and retain in the limbs, by cordage, enough to make a striking difference in 
loss of blood in the operative fidd.** Dawbam's teohnic isas follows: '*A towel 
folded let^bwise is wrapped about each thigh very dose to the trunk, and upon it 
the constrictor Is tightened. The degree of tightness is quicldy learnt by ; 
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practice. It must nearly stop the venous, but not the arterial, current. Quickly 
the limb distal to the tourniquet grows dusky in color and there is obvious swelling 
also. After some five to ten minutes the softened pulse will indicate that we are 
ready to proceed with the operation.' " The claims made for sequestration anemia 
are: ‘'That it markedly lessens hemorrhage in operations on the head and neck; 
lessens the time of operations because of diminished bleeding; greatly diminislies 
the amount of anesthetic taken because of the anemia of the brain.” 

The aseptic and antiseptic tampon is a provisional and often 
permanent hemostatic procedure of frequent application in surgical 
practice. It consists in packing the bleeding wounds of cavities which 
are not readily amenable to the ordinary means of vascular control 
with pieces or strips of sterile or antiseptic gauze, which are systemat- 
ically packed and made to fit every irregularity of the wound or 
cavity, the finger or forceps being used for this purpose. After the 
packing is done and the bleeding arrested, the pack may be held in 
place by a provisional suture in the lips of the wound, leaving a ter- 
minal end projecting beyond the wound to facilitate its extraction. 
The nasal tampon forepistaxia; uterine tampon for metrorrhagia; the 
Mikulicz tampon in the abdomen and pelvis to check the oozing follow- 
ing tom adhesions; packing of the bladder with an inverted ^'um- 
brella pack’’ of gauze after suprapubic prostatectomy; the hemostatic 
pack of the cranial sinuses; the compression of the lung by an intrar 
pleural pack in wounds of the chest (DaCosta), and of the pelvic and 
abdominal organs, when copious capillary or parenchymatous hemor- 
rhages cannot be controlled by direct ligature or suture methods, are all 
illustrations of the provisional and permanent application of this ex- 
cellent procedure in surgery. 

Heat, in the form of hot and boiling water, the actual cautery, 
galvanocautery, and steam, is a most valuable hemostatic agent. 

At present it is only used as a destructive agent or caustic in the 
removal of small growths, in controlling parenchymatous and capillary 
bleeding, in visceral wounds, or in tissues in which the raw surface is 
likely to remain exposed to infection. In this way the Paquelin cautery 
and galvanocautery are still largely used in nas^, laryngeal, dermato- 
logic, and rectal practice. In combination with the crushing of the 
tissues, vascular pedicles of tumors, hollow organs, etc., its use is 
exhibited in the Downes’ galvanocautery clamps (Fig. 35). By crush- 
ing and burning the tissues of a pedicle the mass to be divid^ is not 
only sterilized, but is reduced to a fine thin membrane which is easily 
secured by a small ligature, thus eliminating^the heavy massive liga- 
tures of the past. The object of the cautery in arresting hemorrhage 
is to make an eschar deep and strong enough to resist the blood- 
pressure. To accomplish this it must be ui^ at a dull-red heat 
(cherry red), which penetrates and cooks the tissues dowly and 
thoroughly. ‘ The eschar once formed, must not be disturbed}; as its 
premature removal is sure to be fpUowed by hemorrhage, espeeially in 
the parts subjected to much disturbance or motion, as in the i^tum 
(hemorrhoidal area). It cannot be relied upon in hemophiUo subjects, 
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or whenever vessels of any importance are involved in the cauterised 
areas, because secondary hemorrhage is likely to follow after the fall 
of the eschar. Wounds treated by this form of cauterization necessarily 
heal by granulation. 

Hot water, if below the boiling-point, not too hot for the nak^ 
hand to bear without scalding, acts by stimulating the unstriated mus- 
cular fibers of the blood-vessels to contraction. The hemostatic effect 
is increased by pouring hot saline solution, in a large stream from a 
pitcher, at some height over the surface of the wound. 

The value of heat in the form of hot saline solution introduced by 
intravenous infusion to stimulate a flagging heart is universally 
recognized. For controlling arterial and capillary cerebral hemor- 
rhage Victor Horsley relies on hot-water irrigation at a temperature 
which should not exceed 115° F. nor faU below 110° F. He fears 
that if 120° F. be used, heat coagulation of the cut surface of the 
brain will result. Dawbam has found that nerves are not especially 
affected by a few seconds’ contact with boiling water. Dawbam is 
most emphatic in his recommendation of boiling water — not merely hot, 
but water at 212° F. After operations in which much capUlary oozing 
is feared, before relaxing the constrictor he covers the field with gauze 
sponges wrung dry with a rubber-gloved hand out of actually boiling 
water brought at the moment to the operating table. ” No one need fear 
ill results to even the most delicate tissues of the human body from a few 
seconds’ application of gauze at this degree of heat — the brain perhaps 
excepted — and in consequence, not only is bleeding prevented, but the 
entire raw surface turns white from coagulated albumin, sterilizing it as 
it was not sterile before.” On the other hand, it is evident that a 
degree of heat applied to a raw surface sufficient to coagulate the pro- 
toplasm of the tissues must necessarily impair the resistance to infec- 
tion, so that if this occurs, as is inevitable on large surfaces, the chances 
of primary union may be greatly impaired. Hot water, not boiling, 
will, however, produce no necrogenic effects and will accomplish practi- 
cally as much good if combined with firm pressure over the dressings 
in arresting capillary oozing. 

Atmokausis.— This name is applied to a procedure consisting in 
the spraying of steam upon the bleeding surface. It was introduced 
by Snef^reff, in 1886, for the management of parenchymatous hemoiv, 
rhages. It has been especially us^ in gynecology. The occurrence 
of deplorable accidents, excessive sloughing, from inability to regulate 
the depth of penetration, have circumscribe its apidication to special 
practice. During the performance of atmokausis, steam is given free 
access to the uterine mucosa through a fenestrated catheter. When 
this tube is not perforated, it becomes heated by the steam circulatiiig 
within it, and serves for contact cauterisation or zestokausis. 
terms atifiokauris (ofmos, steam, katma, burning) and zeetokausill : 
(sesfos, to boil) wm introduced by Pincus. 

Cold.— The application at cold as a hemostatic is much more 
strict^ than that of heat. Gold in any form has the same effect (m; 
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blood-vessels as its counterpart, heat, that is, it produces contraction 
of the blood-vessels. Gold is employed in the form of ice, ice-bags, 
cold water, and vaporizing sprays of ether and ethyl chlorid. Ethyl 
chlorid spray, to freeze a tooth-socket has been used with benefit in 
arresting obstinate hemorrhage after extraction. After clearing out 
the blood-dot, the socket is frozen and cotton soaked in gelatin- 
adrenalin solution or iodoform gaiuze dipped in the same wlution, 
or 10 per cent, antipyrin solution (DaCosta) appiied. Cold is contra- 
indicated in cases of hemorrhage complicated by shock and should be 
avoided in acute anemia with subnormal temperature. 
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TREATBIENT OF HEMORRHAGE. 

The thrae fundamental indications to be observed in the treatment 
of hemorrhage are: (1) Arrest the bleeding; (2) prevent its recurrence; 
(3) aid the organism in recovering from the effects of the hemorrhage 
and in the restoration of the blood to its normal standard of efficiency. 

In meeting these indications, heal as well as conatitutional measures 
will be required, as shown in the previous section. 

In meeting the first indication the bleeding point, if at all accessible, 
should be at once sought, exposed, and secured by forcipressure, ligature, 
suture, etc. (See Surgery of Arteries and Veins.) 

The second indication is met by adopting a careful technic and, above 
all, by observing a very rigorous asepsis in the management of the 
wound, or by applying such measures as will minimize or neutralize any 
existing infection. The third indication will now be considered. 

Constitiitional or Systonic Treatment.— The object of the ron> 
stitutional treatment may be considered from three points of view: 
(1) As an ud to natural or spontaneous hemostaeis, as in all internal 
hemorrhages in inaccessible organs and cavities where direct surgical 
interference is impracticable or unjustifiable (hemoptysis, gastror- 
rha^a, enterorrhagia, and typhoid hemorrhage; hemothorax froin gun- 
shot wounds of the chest, etc.) ; (2) as a stimulating or re^ratiye treat-^ 
nient after the hemorrhage' has been arrested, the patient still being 
prostrated from the immediate collapse aid shock; (3) after tto 
recovery from the immediate.effeets of vascular deptotion, as ap aid in 
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the regeneration and restoration of the blood to its normal quantity 
and quality. 

It is evident enough that little can be expected from general treat- 
ment until the hemorrhage has been permanently arrested; and the 
administration of stimulants and restoratives is absolutely contra- 
indicated until the hemorrhage is under control. The following prin- 
ciples laid down by Senn clearly voice the right teachings of surgery: 
(1) Any treatment calculated to increase the heart’s action and to 
intensify the vascular pressure must be carefully avoided; (2) stimu- 
lation is in order and is urgently called for when the patient is much 
prostrated from the loss of blood and further bleeding has been guarded 
against by effective hemostasis; (3) in surgical cases in which the patient 
is evidently bleeding to death and is almost pulseless from circulatory 
collapse, it is perfectly in accord with the best practice to proceed with 
prompt stimulation (intravenous saline solution), with the view of 
reviving the patient while the effort is being made to secure the bleed- 
ing point. In non-surgical hemorrhages, where no intervention is 
possible, as previously stated, stimulating treatment would be abso- 
lutely illopcd and fatal. 

In approaching the treatment of all grave hemorrhages the circum- 
stances in which they occur must be considered. In the great accidents 
of life, as in machinery accidents, stabs and gunshot wounds, personal 
encounters, murderous assaults, etc., the blood loss is usually associated 
with nervous shock, and it is difficult if not impossible to separate the 
two. In accidents the surgeon must immediately arrest the hemor- 
rhage as the first and vital indication. After this, caution and delib- 
eration are necessary. There should be no undue haste in moving a 
wounded man, in applying dressings, and in operating. Absolute immo- 
bility is the first therapeutic indication. 

Ordinarily, patients who have suffered great loss of blood are 
found lying horizontally; if not, they should be laid on their back, with 
the head low, with the feet and arms rmsed to favor the flow of the blood- 
stream to the brain and medulla, where it is most needed to rouse the 
vasomotor centers and the heart to activity. 

Autotransfusipn.— The “N^laton position,” in which the body 
is inverted with the head low. down, is a form of autotransfusion by which 
the force of gravity is utilized in directing the blood to the heart and 
head. A certain amount of autotransfusion can be obtained by elevating 
the foot of the bed so as to incline the body, with the head down, at an 
an^ of 45 degrees (a reversed Fowler position). By Hunter’s method 
blood is forced into the trunk and head by bandaging the extremities 
firmly from the digits to the root of the limbs. If an elastic bandage is 
at hand, each extremity, after it has been thus exsanguinated, can be 
made bloodless and the blood excluded from it by a circular con-^ 
strictor dr tourniquet applied to the root of the limb. In this mannw> 
according to the severity of the symptoms, one, two, or all of the extrem- 
ities 01 ^ excluded from the circulation long enough to gain suffident 
time^ff^ the appliestion of the more permanent therapeutic measures.;^ 



TBEATMENT OF HEMOBBHAOB. 197 

In the operating-room this form of autotransfusion can be applied by 
the use of Crile’s pneumatic suit. (See Vol. L, p. 939.) 

In accidents, all tight clothing should be removed, especially about 
the neck and chest. Fresh air is instinctively called for; therefore, 
every impediment to the admission of fresh air should be removed. 
Oxygen is indicated in all acute hemorrhagic anemias and should be 
freely supplied. Artificial, heal to the extremities, precordia, and head 
is n^ed. Woolen blankets, hot-water bags, hot bottles, hot bricks, 
and in hospitals, the electrothermic bed-pads or the hot-water pads 
(Goodrich) are most useful. These external measures are effectively 
assisted by hot sHmdating scivJHons injected slowly into the rectum — 
strong hbek coffee being especially available and beneficial. The 
formula for post-operative shock, acute anemia, or exhaustion usually 
prescribed by myself is: Black coffee, 8 ounces; panopeptem, 1 ounce; 
brandy or whisky, 1 ounce; tincture of digitalis, 15 minims; laudanum, 
10 minims; to be administered slowly and repeated every two hours if 
the case still calls for it. Champagne, whisky, or brandy, which are 
as diffusible by rectum as by stomach, may be freely given by enema, 
diluted with physiologic salt solution or combined with other ingre- 
dients, when for any reason they cannot be taken by the normal route. 

M^icinal Agents. — Remedies having a favorable effect in rousing 
the heart and improving the arterial tension (after the bleeding has 
been controlled) are: Strychnin (nitrate or sulphate), gr. bV to b*o; 
digitalin (American), gr. ^to tV); digalen (Cloetta), hypodermically, 0.6 
to 1 c.c. ; tinct. of digitalis, standardized and fat free, 10 to 20 min. ; atropin, 
gr. TBT to yts) ; spartein, gr. i to 1, in large doses, as recently recom- 
mended by Stuart McGuire; fluidextract of ergot, 1 dram; or ergotin, 
gr. 1 to 2, all of which are given for their effect upon the heart muscle, the 
blood-vessels, or the brain, with the view of increasing the strength of the 
heart or improving the blood-pressure by general peripheral contraction. 

Adrenalin, in the form of a solution of 1 : 1000, may be given by direct 
intravenous injection with a fine needle inserted into a superficial vein 
through the skin; the dose is from 5 to 20 minims. It is often given 
by mouth or subcutaneously, but recent investigations (Dixon, Jane- 
way, Elliott) show that it is rendered inert in the stomach and never 
reaches the circulation. Under the skin its action is purdy local; for 
this reason it can never be used effectively except by intravenous 
injection. In addition, camphorated oil in 20-minim doses, frequently 
repeated, and caffein benzoate or citrate (gr. 1) may be of service. 

In administering these various circulatory stimulants, it is import- 
ant not to begin by giving massive or maximum doses, but to ad- 
minister comparatively sm^ doses frequently repeated. In the ex- 
citement incident to a great hemorrhage the inexperienced often ^ve 
massive doses, which are repeated at short intervals with cumulative 
and toxic effect. In this way a critical situation is often complicated 
by powerful di^gB, which overwhelta the feeble and strugg^g patient. 
On the other hand, the judicious administration of circulatory stimv- 
lants is undoubtedly a potreriul adjunct to other means of treatnient. 
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In hospital and o^rating-room practice, when frequent stimulation 
is required to strengthen the flagging heart, combinations of the drugs 
mentioned in different groups are given alternately, so that the same 
drug is not repeated oftener than every two hours. Thus, a hypodermic of 
digalen, 20 min,; strychnin, gr. atrqpin, gr. nitroglycerin, gr. tAt; 
followed in one hour by a hypodermic of caffein, gr. 1 ; fluidextract of 
ergot; or, preferably, a sterile standardized extract of ergot (ergotele, 
ergone, or ergotin), gr. 1, given by needle. In the next hour, spartcin 
sulphate, gr. is given. In the intervals between these doses hypo- 
dermics of camphor oil, 15 to 20 min., and occasionally (not once in 
my own practice) hypodermic injections of ether and dilute alcohol. 
By mouth, champagne, whisky and brandy toddies, and black coffee 
may be given. In all cases in which there is much psychic shock or 
painful injury the addition of grain of morphin to a stimulating 
hypodermic is a most valuable adjunct. 

But above all these drugs, and of far greater importance, is the free ad- 
ministration of water, cold or hot, or of cracked ice. If the patient can 
swallow, water is usually taken with avidity. Its use should never 
be restricted, as it is rapidly absorbed and acts as a normal infusion per 
vias naturales, helping to fill the depicted vessels. 

In the very grave cases of collapse, in which the pulse becomes almost 
imperceptible and life is nearly suspended, no time should be lost in 
resorting to the most powerful of all life-saving measures, iniravenous 
saline solution. 

Saline infusion, with the sole exception of direct blood trans- 
fusion, is by far the most reliable of the general or constitutional 
restoratives in the treatment of hemorrhage. Since it has been 
ascertained that the grave phenomena of post-hemorrha^c anemia, and 
death itself, are not due to the loss of corpuscular elements, but to the 
mechanic disproportion between the area of the vascular system and 
its content, attempts have been made to raise the lowered intravascular 
tension by the injection of variable amounts of indifferent fluids, from 
plain distilled water to complex imitations of the normal human blood 
serum. It was shown, however, that plun distilled water is very de- 
structive to the red corpuscles, which it swells and breaks up with fatal 
consequences (W. Hunter, Kronecker, et al.). But they remain, un- 
injured if a certain amount of salt (sodium chlorid) is added to the water. 

The normal or, more correctly, the decinormal salt solution— 6 parts 
of table salt per 100 — approximates the saline strength of the blood- 
serum. In practice, this means about a heaping teaspoonful to the 
quart of boiled and filtered fluid, or § of a dram (40 grains) to a pint 
of sterile water. This solution is "normal,” not in the chemic sense 
of the term, but in the physiolo^c— t. e., corresponding with the 
proportion of sodium chlorid in the blood (isotonic). Normal saline 
solution contains enough sodium chlorid to prevent hemolysis of the 
red corpuscles, nam^^, 0.6 to 0.7 per. cent., and has been demonstrated 
to be, for all practical purposes, the preferable solution (Carrion and 
Hallicm), 
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Various modifications of the normal saline- solution have been 
proposed and tried, among which Ringer’s and Locke’s solution deserve 
special mention. Ringer’s fluid is made up as follows: Potassium 
chlorid, 0.2 gm.; sodium bicarbonate, 0.2 gm.; sodium chlorid, 9 gm.; 
and distilled water to make 1 liter. Locke’s fluid (more satisfactory 
in its effects) has the following formula: Distilled water, 1 liter; sodium 
chlorid, 9 to 10 gm. ; calcium chlorid, 0.20 gm. ,* potassium chlorid, 0. 10 to 
0.20 gm.; sodium bicarbonate, 0.10 to 0.20 gm.; glucose, 1 gm. 

The saturation of saline solution with oxygen immediately before 
its introduction into the circulation by the intravenous route would 
appear to be especially indicated in all grave hemorrhagic cases. Eiitt- 
ner’s solution is equivalent approximately to 20 c.c. of gas to every 1000 
C.C. of the fluid. 

The proper temperature for the infurion fluid is as hot as the hand 
can bear, about 120° F. or 49° C. (Dawbarn) in the container. This 
temperature, higher than usually recommended, is very stimulating to 
the flagging heart and maintains the tone of the muscular tunic of 
the vessels. 

Larger quantities of saline solution are required and tolerated by 
the vascular system in post-hemorrhagic states than of blood itself when 
this is used in transfusion. The total blood mass has even been tripled 
without seriously increasing the blood-pressure. Dastre and Loye 
(1888), in their early experiments, demonstrated that the equivalent 
of two-thirds of the body-weight of the animals experimented upon 
could be infused (saline solution) into the circulation without ill 
effects. Seven pints at one infusion was the greatest quantity used by 
Crile and Dolley. 

On the other hand, the amount of fluid that can be infused with 
benefit is necessarily limited. Dastre and Loye demonstrated in 1880 
that when isotonic saline solution was infused in quantities greater than 
the kidneys could eliminate that the fluid transuded out of the vessels 
and lodg^ in the serous spaces and large splanchnic cavities. Albu 
(1891) caused edema of the internal organs and general dropty by 
infusing saline solution in supersaturating quantities. Hallion and 
Carrion (1900) and others have shown that one-third of the saline fluid 
infused finds its way out of the vessels and is eliminated by the kidneys, 
and what is not eliminated is stored up in the muscles, connective-tissue 
spaces, skin, and the visceral organs. 

Therefore, the quantity of si^e solution to be infused into the cir- 
culation must be regulated or determined by its effects. In the postr 
hemorrhagic collapse from acute anemia, 1 or 2 pints will often 
suffice to restore the radial pulse from a scarcely appreciable throb to 
its normal volume and frequency. The prognosis is graver with the 
increased quantity of the infusion required to restore the pulse. A 
pulse that is not improved by 4 or 6 pints will usually not improve 
with greater quantities. Direct blood transfusion may, however, bring 
eboiit a favorable change when saline solution fails. 

Animal experimentation tmd dinieal experience have recently shomt 
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that the more complex mineral solutions, such as Ringer’s and Locke’s 
fluid, the last especially, in which the chemic composition of the 
blood is more closely imitated, are more effective than the simple 
decinormal salt solution in preserving the vitality of the blood-vess^, 
as shown by the adrenalin reaction. They also act better in increasing 
the coagulability of the blood, as shown by Fleig. Locke’s solution is 
also to be preferred in exhausted states. 

In administering saline infusion intravenously or by other routes, 
stimulating remedies may be added to the solution. Adrenalin is especi- 
ally indicated and should be administered by the method of Crile: "As 
soon as the solution begins to flow in the vessel, thrust the needle of a 
h 3 rpodermic syringe filled with adrenalin chlorid solution (1 : 1000) 
through the rubber tube near the cannula, and during about one minute 
inject 10 to 15 min.; digalen (Cioetta) may also be added to the solu- 
tion in some cases (1 to 2 cm.), or the sterile preparations of ergot 
(ergone, ergotol, 1 to 2 drams of either), as these may advantageously 
reinforce the action of the adrenalin, which is fleeting, owing to its rapid 
oxidation in the blood. In administering saline infusion the flow may 
be interrupted occasionally as the pulse improves, the cannula being left 
in the vein while observing the condition of the circulation. 

Great care should be exerdsed in avoiding too rapid fUing of (he vas- 
cular system for fear of dilating and paralyzing the right heart. It is best to 
be^n gradually — 2 to 3 c.c. per minute (Dastre and Loye, Crile); never 
faster than 1 liter in ten minutes (Dawbam) or 1 liter in twenty min- 
utes (Delbet-Veau). The condition of the peripheral veins should be 
watched all the while the injection is proceeding, as it is from the venous 
side that the first warning of impeded circulation from overdistention 
of the heart will be given. Grile’s admonition on this point is of great 
importance: "In acute hemorrhage, when the heart muscle itself is 
functionally impwred by the diminished flow of blood through the 
coronary arteries, if the amount of fluid is suddenly increased by a 
rapidly increasing circulation, the heart’s work is so rapidly augmented 
in the presence of weakness that it may suddenly suffer an acute dila> 
tation and immediate paralysis ending in^eath may follow.’’ Infusion 
is, therefore, contraindicated in all cases in which there is already a 
dilatation with distention of the right heart and consequent general 
venous stasis. This is recognised clinically by a turgidity of the super- 
ficial veins and a livid discoloration of the face and mucous membranes, 
lips, and extremities. ‘ ' When the pulse shows a large wave, with but little 
redstance and a markedly slowed rh}rthm, great caution is necessary.’’ 
If this occurs, stop the infusion immediately, prop the patient up on 
pillows or tilt the operating table so as to have the head up and the 
feet down. In this position blood will gravitate from the heart and large 
thoracic vdns into the splanchnic area and into the large venous trunks 
of the lojser extremities. In addition, rapid massage of the heart bjr 
rhythmic compresncn over the precordia and epigastrium, combined 
with artificial respiration, will relieve the eat^ac embairassmenV : 
After the cyanosis has suMded, infusion may be tentatively and very : 
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gradually resumed. The tendency to acute dOatation and paralysis of 
the heart is much less frecjuent in hemorrhagic collapse than in shock, 
whether this be due to accident or sepsis. 

Technic of Infusion. — As formerly employed, the radial artery was 
sdected and the stream was directed toward the periphery (Hueter’s 
method). Quite recently infusion has been attempted directly into the 
carotid, toward the heart, and against the current, with the object of 
reaching the coronary circle and thus stimulate the myocardium (Spina). 
Fluid injected in this manner toward the heart drives before it the 
column of blood contained in the arteries, so that the sigmoid aortic 
valves are closed and the blood is forced into the coronary vessels. As a 
result, the heart begins again to beat, and the animal is resuscitated. 
The intra-arterial injection 
of Locke’s solution or arti- 
ficial serum may be re- 
garded as the most direct 
form of cardiac stimulation 
by the circulatory route. 

The method has yielded 
favorable results in labora- 
tory animals, and Zesas 
thinks that it should be 
tried on the human subject. 

Intravenom Infusion . — 

The method of infusion 
most commonly employed 
is the injection of hot saline 
solution into a superficial 
vein, or "intravenous in- 
fusion,” the stream being 
directed toward the heart. 

Occasionally a vein in the 
operation wound may be 
used. 

The technic of intravenous infusion applies to any superficial acces- 
sible vein. "The most prominent vein at the bend of the elbow is chosen. 
If the vein be prominently marked, incise directly over and parallel 
with it. If not marked, incise obliquely or transversdy across the known 
course of the median basilic vein, the incision running parallel with the 
direction of the bicipital fascia. Proceed carefully until the vein is 
located. Expose from 2.6 to 4 cm. (1 to inches) of the vein. Pass 
two catgut ligatures beneath the vein, about 2dS cm. (1 inch) apart, 
and tie the distal one permanently. With a pair sharp-pointed sd^ts, 
curved on the flat, an oblique incinon is made through one-half of the 
vein, between the two ligatures, the apeix of the V pointing diirtally. 
Into this oblique opening into the vein, the cannula (after sedng that no 
dr is in the instrum^it) is introduc^, and the pnndmtil ligature is 
tightened about it with a frietipn'knbti Through thb is allowed to flow> 
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Fia. 60 .~Modb or Snipping Vsin to Admit Noulb or iNruniNo Tubb. (Donett.) 


by static pressure, as much fluid as is indicated (generally from 1 to 6 
pints). The cannula is then withdrawn, the proximal ligature is tight- 
ened and tied permanently, and the 
completely severed. The 


wound is sutured, or closed with 
adhesive strips, and the dressing 
applied” (Bickham). 

Intravenous infusion finds its 
application : (1) In a very severe 






Fto. 70.— Imtbatbnoob Baumb Infumom. (Fowler.) 

A, The’ lower UiBtuie iii tied end the upper Hieture it in piece reedy for tyiiM. The VPfaSSL 
diepM op^hc ie the vfto » shown reedy to reotive the eennule. B, Flesk oonteming the 
■olution. This Seek ii en ordineiy wesh-bottle, the Iool gleM tube of whieh Is oonneeted to 
lofution eennule end the short gleH tube to e rubber bui with velves. By pumping elr mtO: dji. 
fleskibOTi the sohitkn the letter is forced into the veins. 
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aeute anemia, after major operations, injuries, gastric and pulmonary 
hemorrhages, extensive hemoirhage during and' after childbirth, placenta 
prscvia, etc. (2) In great loss of fluid, as in Asiatic cholera. (3) For 
the flushing of the vascular s}mtem (Lavage du Sang), in acute poisoning, 
auto-intoxication, such as the typhoid state, diabetic coma, puerperal 
fever, eclampsia gravidarum, bubonic plague, uremia, blood-poisoning 
following venesection (“Salgnte transfusion,” Claisse). (4) For resus- 
citation in suspended animation (Locke’s solution injected into the 
carotid artery, with reversal of the current). (5) In chronic postopera- 
tive anemia and for artificid nutrition (Locke’s or Lennander’s glucose 
saline solution or sterile isotonic sea-water (“Plasma de Quinton”). 


Bibliography on iNTBAVAStmLAB Saline Infusion. 

Mstaa, R. : Intravenous Saline Infueion in the New Orleans Charity Hospital, New 
Orleans Med. and Sui;g. Jour., July, 1801. 

Crilc, O.: Intravenous Infusion of Saline Solution, Med. News, May 3, 1902. 

Van Amstel: Transfusion and Infusion. Wien. Klinik, vol. xxx., 1904. 

Zacliriason: Experimental Studies on Intravenous or Subcutaneous Salt-water 
Infusions in Acute Anemia, Upsala, 1902. 

Lcochtenstem: Ueber intravenose Kochsals Infusion bci Vcrblutungen, Samml. 
klin. Vortr., xxv., IMl. 

Roos: Ueber Kochsalzinfusion bei akuter Anfimie, Strassbuiv, 1894. 

Strauss: Kritisch. Bemerk. zur Method der intraven-injcct., Med. lUin., Berlin, 
1907, iu. 

Schoenberg: Erfahrungen ueber Infusion von KochsalzloBung boi akuter Anilmie, 
WOrzbuig, 1888. 

Mariotti, O.: (.hirurgia delle vene, 1906. 

Archard: Semaine M4d., July 10, 1907. 

Repin: Le lavage m4chanique du sang, Compt. rend. Hebd. dcs Stianccs de I’Acad. 
des Sciences, July IS, 1904. 

Bickham, W. S.: Operative Surgery, 1008, third edition. 

O’Failowcll: Des inject, du serum marin isotonique. Rev. M4d., 1906, xiv. 

L’cau de mcren th6rapeutique, plasma de Quinton, Bull. d. lab. de biolog. appliq., 
Paris, 1906, iii.. No. 7 , 1-4. 

Crile: Hemorrha^ and Ttensfusion, 1909. 

Hypodermoclysis. — In addition to the intravascular route, saline 
infuraon may be g^ven sitbciUaneouAy, intraperiUmeaUy, or by the rec- 
tum. (For H 3 rpodermoclysis, see Vol. I., p. 942, Fig. 267.) 

Intraperitoneal Infusion. — Infusion directly into the abdominal 
cavity, or intraperitoneal infusion, was first proposed by Ponfick, in 1879. 
In surgery this method is practised by pouring hot saline solution 
directly with the pitcher into the peritoneal cavity. The tendency at 
the present time, however, is toward using less irrigation of the peri- 
toneal cavity, especially in septic cases, and also to depend more upon 
rectal infusion (Murphy) or bypodermoclyris. 

Enteroclysis is more simple in its performance, neither assistance 
nor sterilization bdng' necessary. The re(M administration of large 
({uantities of salt solution has been generalized by the distinguish^ 
rulvocacy of J. B. Murphy, of Chicago, in the management of diffuse 
or general peritonitis. (Vol. III., p. 776, Fig. 386.) , 

Constitutfonal Treatment of Into'nal or Nmbourjgicd Hemor- 
i'hages.— In the internal and strictly medieal hemorrhages in which 
rhere is no access to the bleeding jpoim ai^ great uneortainty as to the 
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conditions by which hemostasis is to be effected, the fundamental prin- 
ciples of treatment should be to atd natural hermstasia by all measures 
edculated to insure general rest and diminish functional activity of the 
bleeding part or organ; to diminish the Uood-pressvre and rdax the cir- 
culation; to favor coagulation at the bleeding point. 

Dixon (London, 1006), in his able study of the so-called hemostatic 
effect of the vasoconstricting drugs, finds that adrenalin, digitalis, and 
its allies— ergot, veratrin, the tannins, barium, and lead— are all worse 
than useless for nearly all internal hemorrhages of the brain, lungs, aiid 
even the liver. “ Upon what drugs, then, can the physician rely in these 
conditions? In dealing with internal hemorrhages, it is evident that it is 
of the utmost importance to prevent any stimulation of the heart or vaso- 
motor constrictors, either of which may be produced very readily reflexly 
by any mental disturbance. The most eflicient prophylactic is to diminish 
all sensory reflexes by means of morphin. Morphin has no action on the 
heart or vessels directly, but by inducing quietness, placidity, and 
desire for sleep, it prevents sudden movements, excitement, and other 
effects which induce cardiac acceleration and reflex rise of blood-pressure. 

. . . Experience abundantly confirms this view: witness the effect on 
patients suffering from hemoptysis and hemothorax, and from gunshot 
wound in the chest. After dismissing all drugs which increase the 
intravascular tension as dangerous and useless, we still have drugs which 
increase the coagulating power of the blood.*’ 

Calcium Chlorid.-^alcium is, par excellence, the drug for this 
purpose, and should be giyen subcutaneously. One or two grains 
administered in this way will diminish the time of blood coagulation 
of a healthy man to about one-half. For this purpose the calcium 
chlorid should be neutral and injected deeply into the tissues of 
the patient, with a maximum concentration of not more than 1 to 20 
parts, so that, as far as possible, the local irritant action of the drug may 
be avoided (Dixon).* Plain saline solution or, preferably, Locke’s solu- 
tion injected intravenously, also favors coagulation, but in this way is 
much more valuable in preventing the recurrence of hemorrhage than 
in arresting it when it has started, as it-lhcreases the blood tenrion. 

Gelatin.— The accelerating influence of intravenous injections of 
gelatin upon the coagulation of the blood was studied by Dastre and 
Floresco in 1896: They injected a 5 per cent, solution of gelatin into the 
tibial vein of a dog, and found the time of blood coagulation taken 
from the tibial artery considerably decreased. As a constitutional 

’FormulgB (Qai. des HOpitaux, Paris, August 13, 1907): 

B. Calc. oHlor.. pure, 10 (m.; ehloroform water and tinet. of oraoge-ped, of each, 
30 O.O.; rimple dixir (U. 8. P.) or cHstiUed water, 00 o.c., or 

B. Calc, ehlor., pure, lOgm.; peppermint syrup, 00 o.c.; distilled water, 90 e.c., or 
B. Calcium chlor., pure, 10 gm.; syrup bitter ora]ige.j>eel and Kirschwaaser, of 
each, 30 e.o., rimple riixir, 40 o.o.: distilled water, 50 o.c.— Mix. 

Onedmlf ounce, or 15 c.c., of each one of the above mixtures contains 1 got. 
(15 grains) of calciuia chlorid. A standard sedution of calcium chlorid, 10 gm., ha 
distiUed water, 300 e.c., may be Irapt on hand for ready use. Each tablespoOnOK..: 
(15 C.C.) of this solution emtains } gram of calcium ehknid. This is b^ aanomfa: ; 
tered vrith milk, rither by mouth or by enema. ■ 
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hemostatic it is used in the form of sterilized gelatin (1 to 2 per cent.) 
dissolved in physiologic salt solution; 100 to 200 c.c., at a tempera- 
ture of 37° C., are injected daily until some effect is observed. Carnot’s 
solution, modified by Sailer, is to be preferred, as all possible risk of 
contamination with the tetanus bacillus is eliminated. 

Carnot’s solution, modified by Sailer: '*Takc 5 gm. of common salt, 1 liter of dis- 
tilled water, 100 gm. of gelatin. Bring the water to 80^ C., and slowly stir in the gelatin 
until it is all in solution. Remove the solution from the stove, cool it to 40^ C., 
and add to it the white of an egg, stir for several minutes, and then put the flask 
on the stove and boil the fluid. The white of egg coagulates and clears the fluid. 
Filter through gauze and then through paper. Place the fluid in test-tubes, 
each of which will contain 10 c.c., and insert a cotton plug in the mouth of each tube. 
Sterilize by putting the tubes in a steam sterilizer fifteen minutes on two successive 
days. When you wish to use a tube, place it in a cup of hot water until the gelatin 
liquefies, pour the gelatin in a sterilized glass, and draw it up into a sterilized i^nge. 
When kept several weeks the tubes dry out (Da(k)sta). 

Stagnin, stypticin and milk^ given by the rectum (1 to 2 pints mixed 
with a little salt), have all been used. The addition of calcium chlorid, 
20 grains to 1 pint, increases the hemostatic action of milk. 

Thyroid extract (internally) as a means of shortening the coagula- 
tion time of the blood, especially when surgical interference is required 
in hemophilic patients, has been recommended by W. J. Taylor. 

Reconstructive Measures. — Finally, after the hemorrhage has 
been arrested and the effects of the mere quantitative loss of blood have 
been overcome, the qualitative or functional loss must be restored. For 
this purpose the essentials are a liberal dietary, including fresh meats 
and other proteids, fresh air and sunlight, rest, mental and physical, 
and the administration of some ferruginous preparation as an adjunct, 
according to the special needs of the patient 
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Local Hemostatics. — In addition to the preceding remedies, 
^ve find a group of local remedies which act topically, throu|^ their 
mechanical action, or as biologic (yascular) astringents to the tissues, 
as chemical coagulants and caustics. The first group is w^ repre- 
sented by Penghawar Djsinbi,^the wooly hiur of an East Indian fern 
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(dbotium ouminghi), which mats with the tissues after the wound has 
been lined with iodoform gauze and packed with the vegetable hemo- 
static. Like the gauze itself, Penghawar Djambi acts mechanically 
by absorbing the wound fluids and swelling up in the wound cavity. 

Adrenalin. — ^The type of the biologic tissue astringents is adrenalin, 
which is employed in the solution of 1 : 1000 in the treatment of capil- 
lary bleeding from the mucous surfaces of the ear, nose, and throat in 
operations upon these regions. The local application of adrenalin is f6l- 
lowed by a vascular contraction of the capillaries and arterioles, which is 
not invariably permanent, however, and may be replaced by hyperemia 
and vascular relaxation. It may be applied to the wound in form of a 
powder (5 to 10 gr. of the extract), but preferably as a compress or pack 
saturated with a 1 : 1000 adrenalin solution. 

Gelatin. — ^The group of local coagulating agents includes chemically 
pure gelatin, which is used locally, dissolved in physiologic salt solution. 
A solution of 5 to 10 per cent, is heated to about 40° to 60° G., and applied 
to the bieeding wound by means of a gauze compress. The danger of 
tetanus infection should make the operator particularly careful to see 
that the gelatin is absolutely sterile. (See Seiler’s Method.) 

The general advantages of gelatin treatment consist in: (1) Its 
action in favoring coagulation; (2) its behavior toward the nutrition 
of the cells, assisting the organization of the thrombus; (3) its harm- 
lessness provided the necessary precautions are adopted to secure its 
sterility; (4) the readiness with which it can be procured. 

Cbemic Styptics. — As a whole, the mechanic coagulants and 
caustic agents are unsurgical in the sense that they disturb, sometimes 
absolutely interfere with, the process of repair in the wound. This 
is especially true of the caustic styptics, of which the best-known 
preparations ate the iron salts, all of which are to be absolutely 
proscribed in modem wound treatment. On the other hand, there 
are a number of agents which are not destructive to the tissues, and are 
at times of the greatest utility in controlling persistent parenchymatous- 
hemorrhages in inaccessible cavities. Of this class, perhaps the most 
efficient is gelatin solution with adrenalin, combined in normal saline, 
used as a pack in oozing hemorrhages. Other conditions, especially 
bleeding ulcers in malignant neoplasms (e. g., uterine cancer), ate 
more' effectively treated by packing them with sachets of less solu- 
ble local astringents and hemostatics, either alone or . in com- 
bination, as, for instance, a mixture of tannin and antipyrin, equal parts 
(R. Park). Antip}rrin combines the properties of a local hemostatic 
with those of an antiseptic agent. A gauze bandage 'wrung out of a 6 
per cent, solution is advantageously employed to cover bleeding sui^ \ 
faces or to pack oozing cavities. In the nasal cavity it may be admin- 
istered as a spray mtb an atomizer, Ferripyrin, a combination of ani^ 
lyrin Ahd iron chlorid, in 20 per cent, solution, is recommended as use^ ; 
for the control of capillary Ueeding epistaxis. A valuable local hem^ f 
static is the w^-lmown compound alum powder (Squibb’s suqi^i^v 
po^der), which is not only astringent, but antiseptic, on account 
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naphthol contained in it. A gauze sachet filled with this powder can be 
m^e to fit the size of the bleeding cavity, where it may be allowed 
to remain indefinitely. As it retains its antiseptic properties it neu- 
tralizes any putrefactive products which so often coexist with the 
ulcerations which cause the hemorrhages. The valuable hemostatic 
properties of oil of turpentine as a local application should not be 
overlooked in this connection. 
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Direct Transfusion of Blood.— (See Chapter LXXIL, p. 615.) 

POST(M>ERATIVE HEBI(»RHAGES. 

Qastro-intestinai Hemorrhi^es. — ^Most important because of their 
frequency and grave prognostic significance are the postoperative hem- 
orrhages of the gastro-intestinal tract, especially after abdominal opera- 
tions, in which bleeding is manifested by hematemesis or hemorrhagio 
or melanotic stools. These hemorrhages may be grouped into two 
great classes: (1) Those due to non-aeptic and (2) those due to septic 
causes. 

The mmrseptic cases include the postoperative hemorrhages which 
appear shortly or immediately after the operation. These early hemor- 
rhages are* due to traumatism of some Idnd or defect in technic (e. g., 
when an unnoticed appendicular artery has not been sufficiently con- 
trolled by ligature, the stump being simply inverted into the cecum 
after applying a purse-string suture). These exceptional cases 
can be separated from another group in which the hemorrhages occur 
three or four days after the operation, thrombosis of the large vessela 
of the mesentery or omentum, secondary ulcers or erosions in the 
stomach or intestines playing a leading part. In this group the original 
traumatism incident to the operation is still largely responsible for the 
hemorrhagic complication. When them hemorrhages occur without 
demonstrable ulceration, the bleeding is ascribed to diapedeeis of 
altered blood, preceded by stasis. Tiegel and Busse, however, express 
the need of caution before accepting this conclusion, in view of the ease 
with which minute, almost microscopic, erosions are overiooked. Up 
to the present time it has never been positively proved that in these 
postoperative hemorrhages the blood was venous or arterial (Summers). 
The pathogeny of these intestinal heniorrhages was first elucidated by 
Littra's'tiassic experiments in 1875; Schnitzler, UUman, Kukulhi snd 
iiauv5 have eomideted the demo^ttration of the relationidupof niesm- 
teric infarcts with these hembithage^ Summws and MeCrhe have 
aided in diffusing this knowlec^ih Am^eal . 
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Hemorrh^ies Caused by Infectious Processes.— Notwithstanding 
the recognition of traumatism as the primary factor in the causation 
of postoperative hemorrhages, the differentiation between the wm- 
teptie and the septic is most important from the prognostic point of view. 
While traumatism per se will ^ve rise to postoperative hemorrhages, the 
dangers of endoangeitis (Welch), with consecutive hemorrhage, are enor- 
mously increased by the addition of the complicating influence of 
sepsis. This tendency to hemorrhage is specially pronounced in the 
great colonic, staphylo- and strepto-coccal infections. Hematemesis 
and melanotic or bloody stools occur as independent manifestations 
of general septicemia and toxemia following septic or purulent peri- 
tonitis. These hemorrhages are most likely to occur after operations on 
the gastro-intestinal tract for strangulated hernias, radical cure of 
hernia, etc., in which the omentum is resected, ligated, etc. Busse 
showed by experiments that hematemesis could be produced in the 
lower animals by torsion of the omentum. Gastrorrhagia and intestinal 
hemorrhages are likely to occur with greater frequency in operations 
on the stomach, duodenum, biliary tract, liver, pancreas, and after 
renal operations. They occur with less frequency after operations on 
the pelvic organs, thus confirming the view generally held by pathol- 
ogists that their causation is largely related to obstructive disorders in 
the, portal radicles and in the mesenteric arteries. In appendicitis 
“black vomit,” “coffee-ground vomit,” from capillary oozing into the 
stomach, with fever, jaundice, urobilinuria, albuminuria, oliguria, and 
anuria, is not an infrequent occurrence in the virulent septic, cases. 
Bloody vomit has been observed as an ephemeral symptom in 16 out of 
156 septic cases of acute appendicitis (Femau) ; 4 in 1000 cases of all kinds 
at Johns Hopkins Hospital, which is an extraordinarily low percentage, 

I myself having observed it in at least 10 per cent, of the grave septiiO : 
and neglected cases of former years. The bloody vomit may appear 
from eight to tihirty-six hours after operation, and on the fourth and 
fifth days, as observed by m 3 rsdf. Busse records 16 cases of gastror; 
intestinal hemorrhage in a collection of 96 cases in which this symp^ - 
tom pqourred as a postoperative complication. 

Considering the frequency of pydophlebitis after appendicitis, . 
absence of massive gangrene of t^ bowel consequent upon extensivt^,' 
mesenteric infarction or obstruction is remarkable. 
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The tendency to continued, uncontrollable, postoperative bleeding 
from the wounds of subjects suffering from chronic obstructive jaundice 
in which profound histologic changes in the liver are in progress is one 
of the most formidable obstacles to success in the surgery of advanced 
hepatic disease; and its importance to the surgeon cannot be overesti- 
mated. A general hemophilic tendency is characteristic of chronic jaun- 
dice, especially the so-called “black jaundice.” Hemorrhages into the 
skin are common, while epistaxis is frequently the cause of great anxiety. 
Frequent oozing from the gums occurs. The coagulation time of the 
blood in chronic jaundice shows a marked retardation. Instead of 
coagulating in four minutes it may take fifteen or twenty minutes or 
longer (Osier). The most likely explanation of this phenomenon is that 
the damaged liver fails to stop poisons and bodies allied to peptone 
(thrombose), absorbed from the alimentary canal, and are allowed to 
enter the circulation as anticoagulant bodies (Lezenne, Doyon). It has, 
however, been suggested by Mayo Robson that the hemorrhagic tendency 
is pancreatic in origin. In the treatment of this form of obstinate 
hemorrhage the prophylactic administration of calcium chlorid by mouth 
or enema appears to be the only met^re which has thus far proved 
beneficial. The use of blood-serum to furnish deficient ferment bodies, 
as suggested by Weil, in hemophilia is also advisable. 

. Treatment of Postoperative Hemorrhi^e.— This is based upon 
the ability to deal with the primary source of hemorrhage by 
a direct effort to control the bleeding point. In the vast majority 
of non-septic gastro-intestinal hemorrhages very little treatment is 
required, as the patients usually proceed to recovery; though they 
may be left with permanent lesions (which is very exceptional) in the 
gastro-intestinal tract from ulceration. Kehr recommends that, in 
addition to the subcutaneous infusion of normal salt solution and 
rectal alimentation, the stomach should be washed out 'with 1 per 
cent, solution of nitrate of silver, followed by further washing with 
plain cold water. In addition, ergot is administered subcutaneously. 
Summers suggests continuous irrigations with hot water through a 
stomach-tube or through a surgical fistula into the stomach directly; 
and in very weak patients the stomach-tube, with hot or iced water, 
medicated or not, in conjunction with intravenous or subcutaneous 
saline infusion, to which calcium chlorid and gelatin should be added. 
When the blood has been traced to a fresh gastric ulcer in a late 
postoperative case, radical surgical treatment would consist in gas- 
trotomy and obliteration of the bleeding area by a purse-string suture 
applied from within, which is further protected by sutures introduced 
from without after the gastrotomy wound has been closed. 

In the septic cases every effort must be made to purify the primary 
f(Mus of the' infection by drainage, or by the removal of the appendix 
with its mesent^, as Gerster recomm^ds, in cases in which mesen- 
teric infections are attributable to a primary thrombophlebitis of the 
appendix and its mesenteriolum. Usually, however, nothing' can be 
done by local measures, as the infection has gfuned the circulation and 
TOt v— 14 * 
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is beyond the reach of local treatment. The various modes of treatment 
of the constitutional infection (bacteremia, septicemia) offer little 
encouragement, whether in the form of antitoxic sera or artificial hyper- 
leukocytosis (Mikulicz), or by the use of other agents introduced into 
the circulation, which are more fully discussed under the heading of 
Purulent Phlebitis and Septicemia. It is possible that the further 
application of Wright's and Douglass' vaccines may give us more 
encouragement in this direction. 

The prognosis of septic postoperative gastric and intestinal hemor- 
rhage is extremely grave. Hematemesis, as one of the symptoms of 
pyelophlebitis, has an absolutely luifavorable prognosis. In sepsis 
secondary to peritonitis, the prognostic significance of hematemesis is 
very bad, since it occurs in very severe cases only. Hematemesis ac- 
companying peritonitis after operations in the abdominal cavity is of 
very serious augury, and is almost invariably indicative of sepsis. 
Surgical intervention is called for in exceptional cases only. As a, 
rule, treatment must be merely symptomatic. Stimulants are indi- 
cated, and the employment of saline infusion may act as a life-saving 
procedure. In the presence of complications of a thrombotic or 
embolic character the treatment is necessarily conservative and ex- 
pectant, with the exception of hepatic and pulmonary abscess, which 
require incision and free drainage. Thrombotic obstruction of the 
mesenteric vessels, which causes hematemesis and intestinal hemor- 
rhages in cpnnection with intestinal necrosis, is only amenable to 
surgical treatment, and even then offers the gloomiest prognosis, as 
will be seen by referring to the section on Mesenteric Thrombosis. 
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THE HEMORRHAGIC DISEASES AND THQIR TREATMENT. 

The coagulability of the blood ie lessened and the persistence ol 
hemorfhage favored by certain changes in the constitution of 1^' 
blood, the character of which is still a subject of investigatii^r 
These consdiutional anomalies are met with specially in he>mopbili^^ : 
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purpura, scurvy, Barlow’s disease, leukemia, and prolonged icterus, 
especially when this is due to malignant disease. Patients suffering 
from any of these diseases are accordingly unfavorable subjects for 
any form of surgical interference. The abnormal tendency to hemor- 
rhages, characteristic of the hemorrhage diathesis, is dinting niahAd by the 
spontaneous occurrence of the hemorrhages, by their great severity and 
their long duration, together with the slightness of the causes that pro- 
voke them. A true hemorrhagic disease is usually an infection in which 
a variable clinical picture is dominated by a common symptom, namely, 
the persistent tendency to bleed. 

Hemophilia. — ^The hemophilic diathesis, or tendency to bleed at 
the slightest provocation, or even spontaneously, exhibited by certain 
individuals otherwise healthy, is known as hemophilia. 

The hemophilic diathesis may manifest itself at all ages, but in its 
most t 3 rplcal form is characteristic of early life and especially of the 
first two decades. Sex plays a very notable part in the history of 
this disease, males being infinitely more subject to it than females. 
Hereditary transmission is an undisputed and most conspicuous 
characteristic of this diathesis — and what is more curious is that 
it is alwa 3 r 8 conveyed from one generation to the other, through 
the mother, even though she herself be exempt from hemopUlic mani- 
festations. On the other hand, the male of hemophilic stock cannot 
transmit the disease to his children, unless he himself be a victim of the 
disease. This general law laid down by Grandidier is not absolute, and 
has been contradicted by later statistics of Kolster, Retterschom, and 
de Bovis, which show that hemophilia manifests itself with almost equal 
frequency in the infancy of both sexes. The hereditary or family tend- 
ency to hemophilia may skip one or more generations and then unex- 
pectedly appear as an atavistic trait after a long interval of latency. 
There is aim a sporadic, acddenlal, or acquired hemophilia, which it is 
very important to recognise on account of its prognostic beariiigs. 
The difference between the acquired and the hereditary types have 
been especially brought out by Weil. 

Pathogeny. — ^The essential factor in the causation of hemophilia 
stUl remains problematic, notwithstanding the time and immense labor 
devoted to its elucidation since the days of Fordyce (1784). The 
progress of histology and hematology has ruined all the old theories 
by showing the absence of structural abnormalities in the vessels or of 
any notable alterations in the blood. 

Sahli, who in 1905 investigated this question with all modem re- 
sources, failed to arrive at a solution of the problem. He found no 
appreciable abnormalities in the morphology of the blood, in its osmotic 
tendencies or alkalinity, or in the blood-pressure. He concluded that the 
coagulation of the bl^ is at fault, and that the cause lies chiefly in 
the endothelium of the vessel-widl. A vmy elaborate and suggestive 
theory of the causation of hemophilia based upon Eh?lieb’a researches 
on immunity has been recently presented by Waelienheim^ iff New York, 
As an alnidged ststenmnt of tbiff toought^ author’s vienr tronld con? 
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vey no intelligent explanation, the reader is referred to the original 
text. 

As recently shown by Emil Weil, hemophilia presents itself clinically 
in two distinct forms: the accidental or acquir^ hemophilia and the 
hereditary or family type. Clinically, the acquired “sporadic” type is 
distinguished from the hereditary by its relative benignity — i. e., it does 
not cause such frequent or great hemorrhagic manifestations. In the 
accidental variety a traumatism of some importance is necessary to 
bring about a hemorrhage of any serious consequence. The hemor- 
rhages in this type are also separated by long intervals of time, some- 
times years. On the contrary, the t^dency to obstinate bleeding 
in the congenital variety is manifested from the moment of birth; the 
slightest prick, wound, or blow may provoke interminable hemorrhages. 
Sometimes the hemorrhages appear to come spontaneously, so inappre- 
ciable is the provocation. The hemorrhages into the joints — hemar- 
throses — are distinctive, if not exclusive, manifestations of the congenital 
type, and occur not only after the slightest injury, but after mere mus- 
cular effort or fatigue. The mortality is very conraderable in hemophilic 
families and death is frequent at a tender age. In his recent and inter- 
esting research Weil has shown that blood can be obtained directly 
from the superficial veins of hemophilic subjects without danger by 
using a fine hollow needle. After puncture through the skin the blood 
flows as long as it may be needed. No hemorrhage follows the removal 
of the needle, the elasticity of the veins being sufficient to occlude the 
puncture and secure complete hemostasis. 

The dominant characteristic of hemophilic blood is the extreme retard- 
ation of coagulation. If allowed to drop from a vein into a test-tube, the 
corpuscles soon drop to the bottom, the coagulum forming only after the 
lapse of from one to nine hours. Distinct differences separate the blood of 
the accidental and hereditary types of hemophilia. In ocddenM hemo- 
philia the blood is very fluid, the flow from a needle introduced into a 
vein is rapid and prolonged; the corpuscular field is normal in appear- 
ance, the leukocyte count is also normal or subnormal, the coagulation is 
“plasmatic,” but the time is long dela}r6d — seventy-five minutes on the 
average; the clot when formed is solid and the serum abundant. In the 
heredUary type the blood is sticky, viscous; the flow from the needle 
is slow and less persistent; the blood-picture is normal in appearance, 
except that leukopenia is constant, and there is an excess of mononuclear 
leukocytes; the time of coagulation is enormously retarded (two and one- 
quarter to nine hours). The clot is white, soft, flocculent, with less serum. 
These marked differences between these two types of hemophilia, as 
clearly shown by Weil, are not only important in determining the relative ' 
prognosis of the disease, but are of special value in guiding the practi- ' 
tioner in application of serum theraj^ as devised by this investigator. 

The* symptoms of hemophilia are extremely variable. The hemoiv; 
rhages are practically always capillary, the blood escaping as itf ; 
parenchymatous bleeding, i. e., slowly exuding without spurting. Hem(^«’; 
rhi^ from the large arteries takes the customary course, and can t^j: 
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eoDtroUed by ligature. The duration of hemophilic hemorrhage is 
variable. Npt extraordinarily profuse at a given time, it assumes dan- 
gerous proportions by the enormous amounts of blood which are 
gradually lost in a hemorrhage extending over a period of weeks and 
months. In the statistics of the fatal cases of hemophilia collected by 
Grandidier, the trivial character of the injuries which led to death 
is shown by the following: there were 14 deaths from cracks or fissures 
about the skin and lips; 11 from superficial wounds of the scalp; 
7 from accidental wounds of the tongue caught between jagged teeth; 
in 42 fatal cases (Grandidier) death occurred 10 times after tooth 
extraction; 8 after blood-letting; 4 after leechrbites; 4 after wet-cups; 
and 4 followed circumcisions. 

The artietdar swelling and pains in the limbs, occurring in hemophil- 
ics, and formally interpreted as rheumatic, are now referred to hemor- 
rhages into and around the joint capsule. These articular effusions 
tend to become more prominent after the period of puberty, before 
which the hemorrhagic phenomena predominate. The knee is the 
favorite seat of a hemophilic arthropathy. A simultaneous or successive 
involvement of several joints is sometimes observed, but it is the knee 
which is first attacked. The clinical history of the hemophilic joint is 
divided into three periods by Koenig, whose masterly study of this 
articular affection has remained a classic since 1891: (1) Period of 
articular effusion or hemarthrosis; (2) period of chronic arthritis; (3) 
period of ankylosis and permanent deformities. 

The first period is essentially characterized by an extravasation of 
blood in the joints, usually an acute hemarthrosis; the knee becomes 
globular in shape, tense, painful on hard pressure, and fluctuating. The 
skeleton of the articulation is not tender or sensitive, and the function 
of the joint is limited solely because of the disturbing effect of the 
effusion. There are no local inflammatory signs; there is sometimes a 
alight elevation of temperature. The duration of this hemarthrosis is 
generally short; in a few days the blood is absorbed, and in dght to 
fifteen days the joint is restored to its normal function.- 

Unfortunately, frequent relapse is a characteristic of this affection. 
As many as forty recurrences in the same patient have been reported 
by one observer (Gocht). The constant Repetition of -these hem- 
orrhages brings about a s^nd or arthritic stage, which is charac- 
terized by chronic inflammatory changes in the synovial sac and rough- 
ening of the cartilages of the joints. The comparative lack of pain, 
however, permits the patient to use the joint in walking until an acute 
exacerbation compels % halt. At this stage the dystrophies of the par- 
ticular muscles become marked, giving the joint the spmdleHBhaped 
appearance of a white swdling. The synovial sac thickens; enlarges, 
hardens; adhesions fqrm, and ankylosis, the thi^ stage> devdops, which 
cripples and deforms the joint. 

in the inaiment of -heti^piOie jotafs tlm esnimthd is 
an operative procedures. Even exploratory punetinei^ou^ be avoided; 
if posrible, but an expioratory pimct(M» vritfa ;an aq^tit^ 
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reveal the hemorrhage nature of the effusion is infinitely less serious 
than arthrotomy or arthrectomy, which will invariably lead to disaster. 
The only treatment, in view of the prompt absorption of the hemor- 
rhagic effusion in the first stage, is rest with immobilization and 
gentle compression, avoiding massage (Broca) for fear of extrava- 
sations. In the arthritic and deforming stage, a vicious attitude 
must be avoided by gentle extension, never by violent manipula- 
tions or attempts to break adhesions. Possibly, as Delbet and 
Schwartz suggest, it may be that in the future, by a judidous use of 
normal serum by the mdihod of Wdl, or the use of thyroid extract as 
recently applied by Torrance Hugh, of Philaddphia, it may be possible 
to control the hemorrhagic tendency sufficiently to permit of the cor- 
rection of the deformity with comparative safety in the advanced cases. 
The differential diagnosis in tuterculous arthritis will be materially 
assisted by the history of the patient; by x-ray examinations; by the 
cuticulor reaction of von Pirquet, or the Wolf-Calmette ophthalmic test. 

Hemophilia may end in recovery, a more likely termination in the 
mild, benign, or accidental cases — so-called “abortive hemophilia.’’ 
In the typical hereditary cases the prognosis is ^oomy indeed. The 
oft-quot^ statistics of Litton show that 60 per cent, of hemophilic sub- 
jects die before the eighth year and only 11 per cent, survive after the 
twentieth. After the first two decades of life the prognosis improves 
steadily with advancing ago. 

Treatment of Hemophilia;— The therapeutics of hemophilia are 
as unsatisfactory as its etiology. There is no specific remedy that 
will deal with the condition etiologically. While the use of specid food- 
stuffs (vegetables) is of no value, a general improvement of the nutri- 
tion of hemophilic patients is a great desideratum; meaning by this 
nutrition in its widest sense, includive of an abundant and varied 
diet, a suitable combination of rest and exercise, of sleep and waking; 
-sometimes employing mklicinal agents to meet special symptom- 
atic indications. From the surgical point of view it is especially im- 
portant that his condition be explained to the patient or his friends, 
who should be provided with a number of prophylactic measures no 
less than with explicit directions for emergency procedures. 

In the control of hemorrhage in wounds and bleeding surfaces, 
the most reliable are eompremqn gelaHn bandages and compresses 
soaked in fresh normal blood -serum (Weil). For this purpose 
a bandage js soaked in sterilized gelatin (2 per cent.) and applied 
to the bleeding parts under pressure. For purposes of preservation, 
glycerin and chlorid of calcium may be added to the gelatin. This 
mixture is chiefly applicable to surface hemorrhages from accessible ves- 
sels or multiple bloody extravasations and in operations on bone. For 
local application, tither gelatin, which solitUfies at ordinary room tem- 
perature, or sterilized gelatin, which is rich in gelatose and becomes fluid 
at this tefnperature, may be employed, since the ^ect is essentially ’ 
of a phyncal chanfettf . The subcutaneous injection of gelatin for the . 
control ofl^ophilic hemoirhages by the general effect of the remedy, ! 
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has its opponents as well as its advocates, not only on account of the 
attendant danger from tetanus, but also because the supposed hemo- 
static effect is by no means universally credited. The internal adminis- 
tration of gelatin does not seem to be based on rational premises, since 
the gelatin does not reach the blood as gelatin at all (Sahli) . 

Adrenolin may be used as a local hemostatic, but is inert as an 
internal remedy. Its subcutaneous use is likewise rejected not only as 
unphysiologic on account of the resulting increase of blood-pressure, 
but because it is inert except by intravenous injection. 

Calcium . — While too much should not be expected from the internal 
administration of lime-salts in hemophilia, the local application of cal- 
cium chlorid at the bleeding part is worthy of a trial, in form of a cotton 
pledget soaked in a 1 to 2 per cent, solutionihd firmly held in place. The 
lactate of calcium, in doses of 30 to 40 grains, once or twice in chronic 
cases, has recently been recommended. There is a case on record in 
which the intermd use of ovarian extract proved successful after all 
other remedies, including adrenalin, had failed (Grant). 

Thyroid Extract . — ^The recovery of a patient with a bad hemophilic 
joint (Hugh) suggests its further use in similar conditions. 

Almokausis has sometimes proved the last life-saving resort in 
hemophilic hemorrhages from the uterus (Pincus and Stoeckel). The 
bleeding has been observed to subside at once, after two or three minutes’ 
use of atmokausis at 115° G. The method constitutes, according to 
Pincus, a specific against uterine hemorrhages of whatever origin. 

Serotherapy . — A most valuable suggestion which has resulted from 
Weil’s studies in hemophilia is that fresh animal or human serum when 
injected into hemophilic subjects greatly increases the coagulability of 
the blood. In accidental or acquired hemophilia it brings up the stand- 
ard of coagulation to normal twenty-four hours after it has been injected, 
and this improvement continues for an average period of a month, when 
the treatment has to be renewed to prevent relapse. In the congenital 
type, blood-serum injections ore not so effective. They markedly 
improve the clotting, but have little influence in shortentng the coagu- 
lation period. This is due apparently to the presence of imticoagulant 
bodies in the blood. Weil recommends the local as well as systemic 
application of the serum in bleeding wounds. To arrest hemorrhage in 
adults he injects 10 to 20 c.c. into the vrins or 20 to 30 c.c. subcuta- 
neously, the dose to be repeated if necessary on the second day. b 
children, half the dose is recommended. As a preop^ative propbyla^e 
the same dosage is indicated. The serum as obtained by venesection 
from man, rabbits, and the horse has been utilised, but normal human 
serum is undoubt^y most effective for man. Beef-serum must never 
be used, as it is always follbwed by severe toxic phmiomena; In emer- 
gencies it is- often impossible to wait twmty-four hours to obtain t^ 
fresh blood-serum of a ^bit, uid a ficesh sample of anti^phtbsHtic 
serum, which is always at hand,- can be used with advMita|e in the 
same manner. Most cases thus iw rqiorted have been-trithted with 
antidiphthoitic sen)m, aad, 4 ia the majority*. w ^ gj ic a ^ 
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results. When fresh normal sterile serum can be obtained, it is to be 
preferred to the therapeutic antitoxic sera, as it contains all the desirable 
fibrin ferments and nothing more. This mode, of treatment, while not 
at all specific in its character, is based on a rational principle, and has 
yielded sufficiently encouraging results since its introduction to deserve 
further trial, not only in hemophilia, but in all the allied hemorrhagic 
states. 
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Aneurisul 

Aneurisma (dve&puafut, from dvtup&vat, to widen, dilate). In 
its fundamental meaning, the word aneurism is applied to a hollow 
tumor, space, or sac, filled with liquid or coagulated blood, or both, 
directly connected with the lumen of an artery (with which it is con- 
tinuous), and developed in whole or in part at the expense of its walls. 
The essential ideas that are inseparable from the concept of an aneurism 
are: ( 1 ) That the interior of the sac must be directly continuous with 
the lumen of an artery; and ( 2 ) that the sac containing the blood must 
be well defined or enc3r8ted. Arterial aneurisms are anatomically 
divided into two distinct types: the true and the false. The true — 
aneurisma verum — are all those in which one or all the tunics of an 
-artery enter into the composition of the sac; the /alee — aneurisma 
spurium— those in which the sac is formed entirely by adventitious 
walls, t. e., by newly formed perivascular connective tissue, in which 
organized clots participate in the wall-building process. The aneurisma 
verum of the clasnc writers, in which the sac preserves the original 
three coats of the parent artery, is extremely rare, the middle coat 
(media) disappearing in all well-developed aneurisms. To avoid con- 
fusion, these arterial dilatations should be referred to as artoiectases, 
and represent the incipent stages of the cylindric a^d fusiform aneurisms 
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of the aorta or its primary branches. Sometimes the three coats are 
recognizable in the small miliary aneurisms of the cerebral or visceral 
arteries. 

Classification. — According to their causation or their pathogeny, 
aneurisms may be classified into at least five groups (Thoma’s classifi- 
cation modified): (1) Congenital aneurisms; (2) pathologic (the so- 
called spontaneous, idiopathic, but more properly arteriosclerotic 
aneurisms); (3) traumatic; (4) embolic; (5) erosion; (6) cirsoid aneu- 
risms. 

(1) Congenital aneurism are almost pathologic curiosities, they are 
so rare. They appear occasionally as prenatal dilatations of the fetal 
vessels, especially the ductus arteriosus, which continues patulous and 
develops after birth. Rokitansky, Kussmaul, Mayer, and others have 
described congenital aneurisms which Eppinger attributes to a congen- 
ital histologic anomaly of the vessels — a dystrophy of the media — which 
impairs the elasticity and resistance of the vessel coats to the normal 
blood-pressure. In this way a congenital aneurismal diathesis may 
obtain in certain individuals which must be distinguished from the 
less rare and acquired diathesis of adult life, the result of a generalized 
disease of the arteries. 

(2) Paihologic or arteriosclerotic aneurisms constitute a great majority 
of the aneurisms, especially those of the aorta and the internal arteries, 
met in practice. Under this heading arc grouped all those aneurisms 
which are formed without apparent cause, hence “idiopathic” or 
“spontaneous,” and in which there is no distinct history of direct injury 
to the artery. In these, one or more coats of the artery enter into the 
composition of the sac. They may be subdivided into two groups: 

(a) Those in which the aneurismal pouch is formed by a process of 
dUatation or stretching of the walls, the diseased, softened, and inelastic 
tunics yielding progressively to the expansile force of the blood-current; 

(b) by rupture or the giving way (atheromatous degeneration and 
ulceration) of the internal and middle coats at the diseased spots. This 
is the most frequent way in which an aneurism is formed. The elastic 
fibers of the intima and media, softened by atheroma, break down, the 
middle coat gives way, and the extemid coat, unable to resist the 
blood-pressure, bulges out, forming the sac of the aneurism. 

By this process dissecting aneurisms axe formed. An intramural 
channel is started in the thickness of the arterial wall, which admits 
the blood-stream and allows it to burrow its way for a greater or less 
distance along the lines of cleavage in the vessel until it finds an exit at a 
distance from its starting-point. A sin^e artery is thus transformed 
into a double one for a very considerable distance. Dissecting aneur- 
isms are almost exclusively met in the thick walls of the thoracic and 
abdominal aorta, in which the fibrous adventitia is especially strong. 
They have been occasionally observed in the sclerotic cerebral arteries. 
The interval separating the two internal openings of a dissecting 
aneurism may be 1 or 2 inches apart, or, as in some reported cases, the 
new tunnel may extend froni the origin of the aorta to its abdominal 
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bifurcation. An interesting feature of these aneurisms is that when 
the intramural circulation has been established, the new channel be- 
comes completely and perfectly lined with endothelium of new for- 
mation, which is in every respect identical with that of the normal 
artery. 

a mass of broken-down atheroma, consisting of semifluid, 
fatty, or chalky debris (steatoma of the aorta), breato through the 
intima into the aortic lumen, and leaves a hollow or a cavity which 
serves as a recess for the formation of an aneurism, such aneurisms 
are known as kyttogenie aneurisms; when they form shallow mccava- 
tions with slight external bulgingc they are known as the cupoliform 
aneurisms. 

More often, after the break-down of the intima and media, a 
progressively increasing aaceiform aneurism is formed, which com- 
municates with the lumen of the artery by a relatively narrow 
orifice. These sacciform aneurisms, formed by the rupture of the two 
inner coats, are by far the most frequent of the aortic aneurisms (fully 
two-thirds). When such aneurisms press upon surrounding large veins 
(vena cava or pulmonary artery) they form pathologic anastomoses or 
fistulie, arteriovenous aneurisms resulting from pressure atrophy. 

(3) Traumatie atiewrims are those which are clearly traceable to 
injury of the arterial walls, by contusions, falls, gun-shots, stabs, punc- 
tures, and other penetrating wounds.. In these, aneurism is the result 
of an injury done to a healthy or normal artery. More often, trau- 
matism or injury only determines the localization of an aneurism in 
arteries already disea^. Much confusion has been caused in nomen- 
clature by the misapplication of the word aneurism to the recent ill- 
defined collections of extravasated blood which follow certmn contused 
and perforating arterial wounds. These hemorrhagic extravasations 
have no well-defined or differentiated sacs — ^an essential feature of an 


aneurism— and they should be distinguished by the term "pulsating 
hematomata,” long ago proposed by Delbet, Michaux, and Rotter. 
These hematomata may be diffused into the tissues or circumscribed, 
but cannot be recognised as aneurisms until a well-differentiated wall 
is formed by the organization of the perivascular tissue and clot into a 
distinct fibrous wall, lined by endothelium of new formation. When 
a pathologic aneurism ruptures through all its coats, it may cause 
a secondary diffuse or drcumscribed false aneurism — also called a 
eorueeuHve aneurism. These arteriovenous uieurisms, as observed in the 
extremities, are almost exclurively of traumatic origin (vide infra). 

(4) BmMie oneurime may present themselves in three forms: 
(1) the simple dt non-infectioue; (2) the infectious, septic, or pyogenic; 
(3) the parasitic. The ample or non-infectious are caused the lodgSi;^ ' : 
ment of a migrated dot or a fragment of calcic atheroma in a vessd tp6H 


small to ‘'allow its farther transit; a eeoondary traumatie endarteritw; ^- 
is i»oduced thereby; ending in the yidding of the artery at the obr^l 
drueted pdnt. The septic emboli are always given off from pyesdiF ' 
fod in general infectjoiiB; more often from the roug^iened surfaces of 
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valves ia septic endocarditis. Wherever they become impacted, these em- 
boli infect the artery, causing a septic or pyogenic endarteritis, followed 
by infiltration, softening, and dilatation of the walls (the embolic mycotic 
aneurisms of Eppinger). (See Diseases of Arteries.) The parasitic 
or verminous aneurisms are found almost exclusivdy in the horse. 

(5) Erosion aneurisms of Eppinger are small circumscribed aneurisms 
formed in suppurating cavities, in tuberculous vomicse in the lungs, with 
rupture, causing profuse and often fatal hemoptysis. They are caused 
by infiltration of the adventitia by specific pathogenic micro-organisms, 
such as the tubercle bacillus, but more often by pyogenic micro-organ- 
isms, which erode and ulcerate the two outer coats; the weakened media, 
yielding to the intravascular pressure, bulges through the eroded ares 
as a hernial projection, finally rupturing before attaining great size, 
causing the erosion hemorrhages already referred to. 

(6) Cirsoid aneurisms, or aneurisms by anastomosis. Arterial 
varices or simple dilatations of the arteries (arteriectasea), either singly . 
or in plexiform masses, have been erroneously included in this group. 
These arterial varices differ essentially from cirsoid aneurism in two 
ways: (1) That veins of new formation participate in the process; (2) 
that the blood-vessels entering into the formation of cirsoid aneur- 
isms are largdy neoplastic, and are frequently reproduced in loco after 
apparently complete extirpation. Therefore, cirsoid aneurisms, so 
called, are not, strictly speaking, aneurisms — i. e., a disease acquired 
or grafted on a preexisting normal artery — ^but neoplasms or .tumors 
with close affinities to the angeiomata. 

Structure of Aneurism. — An aneurism consists of a sac and 
contents, and, in sacciform aneurisms, also of a neck. In considering 
the structure of the sac we must distinguish between — (1) the true 
aneurism, always associated with preexisting arterial disease; and (2) 
the false, always of traumatic origin. 

The true aneurisms may consist, as previously outlined, of: (1) 
All the coats of the artery, a very rare occurrence except in arterial 
ectases or incipient aneurisms; (2) the external coat only, as seen- in 
sacculated aneurisms of patholopc origin; (3) the internal coat (erosion 
aneurism) ; (4) the separated layers of the middle coat, between which 
the blood has been forced with the external and internal coats on 
cither side (dissecting aneurisms). Ths one unfailing hisMogie char- 
aeteristie of the sfnieture of aU aneurisms is that the middle or mueculo- 
dastie coat is always miesing in Ote sac-mMs ; and Aat the media never 
mters into the formation of the aneurism. If the walls of an ordinary 
^o-called spontaneous aneurism of concdderable mse and of the saccu- 
lar type are examined, it will be found to be composed of a fibrous 
1‘iyer, the rdie of the adventitia or of this membrane blended tritb con- 
<lcn8^ sclerotic connective tissue, lined on its inner surface by a thin 
liiembrane analogous to the intima of the parent arteiy. ThisinMfrhal 
' 'ning presents a smooth endothdial surface of flat nudeated e^; Wt^ . 
''ig upon a connective-tissue bed.^^ These endothdi^ c^:^ foin^ 
vthe inolifnration of the intinm ef tits patent : 
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with great rapidity and soon cover all the surfaces which come in con- 
tact with the blood-stream* Traces of the middle coat may be found 
scattered here and there in the sac, but even these soon disappear, 
leaving only a distinct layer at the junction of the sac with the 
normal arterial wall, where they are continuous with the dastic and 
muscular fibers of the media. These elements show no tendency to 
regenerate or form again once they have been destroyed and trans- 
formed into degenerative products by the arteriosclerotic and athero- 
matous processes. The newly formed endothelial lining and connec- 
tive-tissue walls of the aneurism may itself undergo degenerative 
changes; fatty and calcareous transformation (atheroma). Sometimes 
the sac becomes so infiltrated with salts that it will crackle and break 
like iui egg-sheii under the pressure of the hand. It is a fairly con- 
stant law in arterial pathology that wherever the circulation is active, 
the tissues that are in contact with the blood-stream soon become lined 
with smooth endothelial cells, which spread by multiplication from 
the intima of the main vessels, and probably also from angeioblasts 
furnished by the vasa vasorum. Therefore, when a rupture of the 
distended coats of an aneurism takes place, the peri-aneurismal tissues 
with which the extravasated blood comes in contact soon become 
lined with newly formed endothelium, in imitation of the parent lining 
of the main vessel, provided the blood be in motion. 

The practical point to be borne in mind is that it is only while the 
aneurisin is still small and young that a distinction can be made between 
its coats. As the aneurism increases in ease, the tissues around it 
become condensed and fused with the sac, which may ultimately be 
formed entirely of these tissues and of new fibrous tissue produced by 
chronic irritative hyperplasia. 

The walls of the sac are of variable thickness, dependent upon a 
multitude of causes. In a general way it may be said of sacciform 
aneurisms that the walls become progressively thinner from the point 
of attachment or neck to the periphery or greatest bulge of the sac. 
In- the typical fusiform type the sac is thinnest at its equator and 
thickest at the poles, where the vessel fuses with the sac, but as the 
fusiform outline is far from constant, it may be better to state that 
the sac-walls grow thinner, as in sacciform aneurisms, from the points 
of tfterial attachment to the most distended portions of the sac. 

The Structure of the Sac in False Aneurisms (Aneurysma 
Spurinm). — ^These are always traumatic.- In exceptional cases these 
aneurisms appear as cylindric or fumform sacs. This occurs only 
when the art^ has been transversely divided, the two ends retractile 
and the extravasated bldod cUffusing its^ in the space between themv 
Instead of a direct junction of the (Uvided ends, the communicarioh ii 
established by the interposition of an adventitious eonnective-tisst^ 
sac. *As a rule, a tiimmatic arterial -aneurism is the result of parietiyi 
injury, Sti^in ^he slmpe of an open vascular wound due to a puneturi^: 
injury, stab, gunshot^ ete., or Of contution of the vascular wSla throttj|j||: 
the intact mctwnal skiBi. The wall undw these dreumstances is 



ANSUBISM. 


221 


ruptured or injured so severely that it undergoes secondary degen- 
eration. Given a large vessel with a lateral wound and an injury of 
the skin, the result may be a severe hemorrhage. In subcutaneous 
injuries the e^ravasated blood may diffuse itself widely throughout 
the tissues, causing a diffuse hematoma, sometimes so extensive and 
excessive as to cause death from vascular depletion. More often, 
however, the bleeding is. arrested by the resistance and tension of the 
perivascular tissues, which confine the blood to a limited space, forming 
a circumscribed pulsating hematoma. This space is soon walled off by 
connective-tissue formation, consisting at first of granulation tissue, 
which matures into a dense connective-tissue layer, lined by newly 
formed endothelium. In this way a distinct capsule or sac is formed, 
which in time is highly differentiated from the surrounding tissues. 
This is the classic concept of the adventitious sac as it is formed in 
the spurious or traumatic aneurisms. On the other hand, when 
an artery is contused or sustains a parietal injury only, when the 
eschar forms in the case of a contusion, or when the hemorrhage 
occurs at the time of perforation, the opening in the arteiy is provision- 
ally closed by a blood-plate-fibrin thrombus. The parietal thrombus 
soon yields to the blood-pressure, it stretches and is thinned out, adopting 
the form of a sac as it is forced agmnst the perivascular tissues by the 
expanrile force of the blood-stream. This mode of thrombotic saccular 
formation in traumatic aneurism was first revealed by the researches 
of Rose and his assistant, Hain. 

Arteriovenous Aneurisms. — ^These are sufficiently important to 
deserve separate consideration. (See p. 290.) 

Form (Morphology of the Sac). — According to the form, aneurisms 
are classified into — (1) cylindric; (2) fusiform; (3) sacciform. 

The fusiform or spindle-shaped aneurisms are found most frequently 
in the great arteries at the root of the heart, the aortic arch, the thoracic 
and abdominal aorta, innominate, subclavian, common carotid, and com- 
mon iliacs. They are most frequent in these localities because of the 
great thickness of their coats, forming a good nidus for infections, either 
through the intima or through the vasa vasorum, because the anatomic 
configuration and position as well as proximity to the heart subject 
them to greater strain in consequence of the great volume of the blood- 
stream. They also receive less support from the perivascular tissues 
than the arteries of the extremities, which are protected by powerful 
aponeurotic sheaths as well as masses of perivascular muscular and 
tendinous structures. While the aneurismal process is essentially 
initiated by diseased conditions of the arterial coats, there is usually 
an element of indirect traumatism brought about by variations in the 
arterial tenrion which favor the locatiaation and development of aneu- 
rismal dilatation. While the fusiform type of aneurism is apparently 
restricted to the arteries of the first magnitude, according to dafwo 
tradition, it is also present and perhaps more often than.tlw sacciform 
in the metremities. ; ' ' ^ 

The sacculated, saccular, praaceiform aneurisms receive their names 
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from their pouch*like appearance, as the name suggests. They form at 
the expense of the walls of the artery in a limited area of its periphery, 
leaving the outline of this part of the vessel well defined and uninter- 
rupted, forming a collar or neck at the point where they are con- 
nected. We may, therefore, speak of sacculated sacs as peduncu- 
lated aneurisms in which the attached portion represents a pedicle 
of variable dimensions according to the breadth of its attachments at 
the side of the orifice which connects it with the lumen of the vessel. 

The form assumed by the sac in the process of development, as 
well as its relations to the parent trunk, depend upon: (1) The original 
starting-point of the lesion or ate of the injury in the arterial wall 



1 2 3 4 

Fra. 7i.— TiuNUiOBifATiON or A PuHAnr SAoraroRM (Snioui OraNiNo) ana a Fmirom Sao 
WITH TWO Opbninob Lsadino to.ths Main Tnunx. 


The ooMtent backward Dreasure upon the artery leada to the Btretehina of the veBsel, with elooiatioii 
of the otinoe until it ia f radually made to appear as a double opening. 

which serves as a basis for the aneurismal dilatation. It may begin 
in any part of the circumference of the vessel, anteriorly, posteriorly, 
laterfdly, or circumferentially, according to the primary seat or extent 
of the lenon; (2) the development of weak spots in the primary sae 
after it has formed, the sac yielding alwa 3 rs at the weakest point; 

(3) the variable reristance of the peri-aneurismal tissues, the sao devel- 
oping (other conditions bring equal) along the fines of least resistance; 

(4) the direction of the blood-stream or current in the sac, that part' 
dilating jaost which receives the most direct impact of the qrstriio ^ 
wave. 

Adaptatibn to Sorroundingt.— The sac in the process of formatiqu^! 
therefore adapts itself to its surroundings, and the oripnal Inpriaf | 
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or spindle-shaped outUne of the typical fumform sac, for example, is 
lost, the tumor rotating upon its polar and equatorial axes as it meets 
resisting planes which change the direction and, consequently, the 
force of the blood-stream from one point to another in the interior of 
the sac. If a fusiform (pathologic) aneurism develops in the peripheral 
arteries of the extremities, it meets with the resistance of the skeleton 
and the aponeurotic and other unyielding tissue planes, as in the groin 
(the pubic plane), in the poplite^ space (the posterior intercondyloid 
and tibial planes), in the neck (the anterior vertebral plane) — which 
cause the original ovoid sac to flatten on the side which meets with the 
greatest resistance. It then develops progressively into a saccculated 
pouch in the opposite direction, i. e., where it' meets with the least 
resistance. It is evident from this that the classic teachings that 
fusiform aneurisms are not common in the extremities is true only as to 
the form of the sac when taken in a literal sense, experience showing 
that the sacs which begin originally as fusiform swellings, with a 
bipolar formation, are more often found in the extremities than in the 
central vessels. 

In 34 peripheral aneurisms, of which 65 per cent, were popliteal, operated upon 
by Matas* intrasaccular method, 23 were furiform and 11 sacdfotm. It is well 
known, on the other hand, that two-thirds of aortic aneurisms are of the sacciform 
type. 

The Form of the Sac Not a Guide as to the Extent of the Arterial 
Disease.-^It is also an error to believe that the entire circumference 
of the artery is diseased when an aneurism assumes a fusiform shape, 
or that the artery is only partially diseased in those of the sacciform 
type. Many fusiform aneurisms assume a sacciform shape solely as a 
consequence of their environment and not as a result of the relative 
soundness or disease of the arterial parietes. On the other hand, it 
does happen quite frequently that aneurisms which begin as typical 
bul^ngs or pouches at the site of weil-deflned and circumscribed lesions 
of the arterial wall (punctured, gunshot, or other exclusively traumatic 
aneurisms) ultimately assume a fusiform t}rpe. The original narrow 
neck of the sac will gradually stretch as the result of flexion or extension 
of the limb; a curve or bend in the long axis of the artery, etc. — and 
dilate until the orifice enlarges to the length of the* longest ^ameter of 
the sac; the partition or dperon (spur) which originally separated the 
cavity of the aneurism from the lumen of the artery is absorbed or 
obliterated. In opening such sacs, instead of the one original opening 
or neck, the interior will reveal two openings corresponding to the 
inlet and outlet of the aneurismal pouch. The fact, however, that the- 
sac has assumed the fusiform shape does not necessarily imply a 
diffused generalised degeneration of the entire chroumference. of the 
parent artery.' In traumatic and even some patholo^c aneuriniuf* in 
which the area of degeneration is circumserib^, it wiU be still poenble 
to recognise the outline of the parent artery in the interior of the ssc, 
as rither a deep or shallow;,^gutteivlilGB groovej whidi mEtends frotp the 
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outlet to the inlet along the floor of the aneurismal sac. When this is 
the case, it js possible to reconstruct the parent artery or to restore it 
by suturing the sac-walls over the groove in a continuous suture from 
one orifice to the other, with greater probability of permanent success 
than when this procedure is adopted in fusiform aneurisms in which 
there is no visible relic of the parent trunk in the sac. 

Relation of the Sac to the Parent Artery .-r-The direction and 
impact of the blood-stream (coup de b41ier (ram) of the French writers) 



Fio. 72.— Thb Codrsb or Blood in Anbubibm. (Ballance and Edmunds.) 

The blood is supposed to enter on the left; it then passes straight across the aneurisip to the 
opposite opening or outlet; part of the blood escapes directly out or the sao in this way. the mt 
returns in eddies around the sides; the arrows and circles represent the varying courses which 
particles suspended in water can be seen to take in a hollow glass sphere used in the experiment; 
later H^ey reenter the central stream. Close to the surface of the aneurism are very small eddim. 
The only effect of making the inlet tube extend in the center of the aneurism is to make the fluid 
behind the entrance more stagnant. In living aneurisms the direction of the blood-stream in the 
sac will be determined largely the fixed longitudinal axis of the artery at the inlet, the greatest 
distention, expansile pul-iation, and final rup uro taking place at that part of the sao opposite the 
inlet. The diagram is utilised solely to show that in the peripheral parts of the stream the fluid 
becomes more stagnent in the smaller and larger eddies and is, therefore, more favorable for the 
fonnation of clot. Apart from this general fact, the conditions presented in a hollow glass sphere 
do not. reproduce those ^which occur in living aneurisms in which the walls are not rigid and the 
form of the sao is extremely variable, rarely symmetric, and in whieli the positions of the iplet 
and outlet are also most variable and eccentric. • 

is the mwt powerful factor in determining the alterations observed in 
the form of the sac; far more important than the resistance of the peri- 
vaiwular tissues, as is well illustrated in the thoracic aortic aneurisms, 
which erode and perforate the' sternum and ribs when the systolic dis- 
' tention of the due to direct impact of the blood-stream, is directed 
agiunst^the osr^us walls of the chest. In the popliteal space ai^' 
aneiiriapi inay bore;^it8 way into the knee-joint in spite of the extrema ; 
resista^w and toughn^ of the postmor ligament of the joint. 
tlw only happens wh^ the proximal pde of the artery is fixed or per?,! 
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manently held in place by p^i-arterial adhesions, which do not permit 
it to adapt itself to the varying re^tance of the surrounding tissues. 

Rotation of the. Aneurismal Sac. — By the different changes observed 
in the form of the sac as result of adaptation to surroundings, the rela- 



Fio. 73.— Studihs in the Rotation op ANSvaitiMAL Sags. Antbbopobtiiixob View op Sbbieb. 
Popliteal aneurism at bend of knee. The afferent trunk lies on the knee side (ventrad); tlie efferent 
ascends on the dorsal side (dorsad) (proximal to the operator). 


tions of the main artery to the sac may also be notably altered as the 
aneurismal dilatation progresses. Thus, in an originally fusiform sac, 
the terminal bipolar implantation of the afferent and efferent trunks 
may, by a gradual process of actual rotation, be displaced from the 



pilar to the equatorial diameter of the sac, thus accounting for the 
escentric and unexpected position of the main orifices in th^ interior 
nf the sac when this is opened. The relation of the sac and the dran^ 
(’f its attMhments from an original polar; implantation to othw poiatiP 
of the aneurismal spbermd.has only come deariy to li^t rince 
vouv— 16 
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frequent application of Matas* method of intrasaccular suture, as 
givmg better opportunities for the study of the relations of the sac to 
the parent vessel The anatomic data thus obtained have a practical 
bearing on the operative surgery of aneurisms, because, without a 
knowledge of the probability of aneurismal rotation or transposition of 
the orifices, the operator may readily cuf into Oie nutrimt or 'parent 
trunk as it lies enibedded on the surface of the aneurism right in the 
path of the knife. A knowledge of these facts will also avoid a long 
and disappointing setuch for the nutrient orifices which is reported by 
several operators, who, expecting to find these orifices at the so-called 
dasfflc points of attachment, t. e., at each pole of the sac, are surprised 
to find them in the roof of the sac or other eccentric or unexpected sites. 
Sometimes, in ignorance of the posnbilities of rotation and eccentric 
implantation of the main artery, the search for these orifices in the 
interior of the sac has been abandoned, and instead of suturing the 
orifices with the sac as should be done, the parent trunk has been sought 
and ligated above and below the sac after conriderable dissection and 
traumatism, thus defeating one of the prime objects of the intra- 
saccular method, which is to economise trauma and to secure all bleeding 
points within the sac itself. (See Treatment of Aneurisms.) 

In addition to the three fundamental types, the cylindric, fusiform, 
and sacciform, the sac may also be multilocular or multisaccular, if 
secondary dilatations and pouches result from the yielding of the primary 
sac at weaker points. A fusiform sac may aim present a series of 
constrictions in^cating the various points where a series of peripheral 
dilatations have fused with each other, forming a bipartite, tripartite, 
or multilocular sac. A furiform sac may also assume an hour-glass 
shape, the narrow neck constricting both proximal and distal pouches, 
representing the constriction caused by tte passage of the aneurismal 
trunk through an opening in unjrielding tissues^ A most striking 
illustration of this hour^ass type was recently presented by Reichel, 
who extirpated a femoral-popUteal aneurism, which was divided in 
the manner above described into two compartments as it passed through 
the tendinous foramen of the adductor magnus, one-half of the aneurism 
devdoping in Hunter’s canal and the other in the popliteal space. 

The rotation of the sac and the greatest alteraitibri in the form of 
^ the aneurism are observed with greatest frequency in those regions in 
which the maih arteiy is the most subject to disturbance from the 
proximijiy to the joints. Hence the greater frequency of anomalies of 
configuration in the aneurisms in the popliteal space and in the groinv 
It is also in consequence of the frequent exaggeration in the normal 
flexion and extension of the movements of the knee that the popliteal 
artery is the most Sequent seat of aneurism in the periphery of the-' 
body; the physiolopc '^uma caused by forcible stretching ^ athletes! • 
and the laboring classes particularly) in exaggerated tension, oop^i^j 
tributing no ddut;t to the localisation of the aneurismal disease 
&equeqUy in this part of the body when arteriosclerotic or degeneratiye| 
conditions of tfae.vessel walls prepare the ground for the trauma. '^I 
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ClasBiflcation of Sacs for Surgical Purposes.— In view of the 
variability and inconstancy of the form of the sac, the older classifica- 
tion, based upon the external appearance or form of the aneurism, is 
no longer available for the needs of the modem surgeon. Furthermore, 
since the object of the surgeon, in operating directly upon an aneurism 
by the intrasaccular method, is to disturb the sac from its surroundings 
as little as possible, in order to spare the collateral circulation to the 
fullest extent, the dissection of the sac (which alone would permit 
a differentiation of types by their external form) is not permissible. 
It is best for surgical purposes to differentiate the fundamental types 
of aneurisms, not by their outward form, for they cannot be exposed 
to view, but by the number of orifices which conned them with the parent 
artery. These are recognized only after opening the sac. We 
would call fusiform aneurisms all those in which there are two distinct 
orifices of communication with the parent trunk, representing the 
inlet and the outlet of the aneurism and corresponding to the proximal 
and distal poles of the original sac. The sacdform aneurisms are those 
in which the sac is connected with the lumen of the parent vessel by a 
sm^e direct orifice through which the blood fiows in and out of the 
sac. When this type of sac is opened, its interior will reveal either 
a single circular, ovoid, or dongated opening leading to the main 
artery. As the sac has grown as an offshoot of the main artery and is 
grafted, as it were, on it, the outline of the parent trunk is preserved 
almost in its totality as a deep groove or gutt» leading from one orifice 
to another. By approximating the edges of this single opening or 
lon^tudinal fissure the communication of the artery with the sac 
is completely obliterated without interrupting the continuity of the 
vessel or obstructing its lumen (restorative aneurismorrhaphy). In 
fusiform aneurisms the orifices can be obliterated by suture without 
interrupting the continuity of the main artery for a distance equal to 
the length of the space intervening between them. 

External Surface; Collateral Branches.— The mctemal surface 
of a dissected sac will show a number of collateral branches of variable 
size and number, corresponding in a general way with the branches 
given off normally by the artery in the aneurismal segment. Other 
branches not clinically recognizable as normal branches may also 
develop from small undeveloped trunks which assume collateral func- 
tions^ as the growth of the aneurism progresses. Many of the branches 
opening into the sac will be found functionless and plug^ with thrombi, 
especially in old aneurisms in which the inner walls have become 
pi^istered with many layers of laminated dot. Though many of these 
eollatwals are obliterated in the sac, they anastomose with each other 
d with the vessels above and bdow the aneurism in such a manner 
tl' it a continuous extra-aneurismal drculation is maintained, even 
tl ou^ all the branches immediately opraing into the sac. may ulti- 
r atdy become plugged and funotionleBs. This fact has unpoortrai 
' aring in the surph^ treatmrat of aneuiicp, becaruse the destn^en 
these peri-aneurisnud ahaatdhabsmg Inranit^^ iBydveS:(g<^ risk id 
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the limb whenever the circulation in the aneurism is interrupted by 
extirpation of the sac or its obliteration by suture. Hence, again, the 
important injunction to disturb the peri-aneurismal tissues as little 
as is consistent with the mere opening of the sac. Whenever it happens 
that the aneurismal sac (popliteal, for example) becomes partially 
or completely obliterated by the formation of a laminated clot, the 
anastomotic network which originates directly from the sac may 
become functionally useless, and gangrene of the distal parts will occur 
spontaneously and without surgical intervention. If the peii-aneuris- 
mal network is well developed, even though the sac be plugged, including 
all the collateral vessels originating from it, spontaneous cure will follow 
without detriment to the peripheral circulation. On the other hand, 
the perviousness and activity of the collaterals which ori^ate or open 
in the sac itself also account for the frequency of relapse when only the 
main trunk is ligated above the sac, as in the Hunterian or Anel operation. 
It should be remembered also that in fusiform aneurism a much larger 
segment of the artery is involved at the seat of the aneurism than in 
those of the sacciform, type which do not involve the entire circumfer- 
ence of the artery. Hence, the prognosis, from the point of view of the 
vitality of the distal parts, is better in sacciform aneurisms, especially 
as these can be readily obliterated without interrupting the continuity 
of the blood-stream. Hence again the importance of treating fusiform 
aneurisms with the least interference of the peri-aneurismal circulation. 

Contents of the Sac. — When an aneurism is first formed, the sac 
contains only fluid blood. As it develops, the circulation in the 
periphery of the current becomes less active, especially in those 
parts where the elasticity of the vessel is totally lost and where 
the systolic impulse is leas felt. In this way blood stasis is favored and 
followed by the coagulation of blood-plates and leukocytes in the 
more stagnant areas, leading to the liberation of fibrin ferment 
and the precipitation of fibrin. ‘A plate-fibrin thrombus is thus 
formed which is deposited in stratified superimposed layers, constituting 
the active or laminated clot of Broca. This stratified laminated white 
clot becomes partially adherent to the sac-wall, and as the aneurism 
grows older may become organised and permanently adhere to the 
sac-wall as a pseudomembrane; the organisation never being complete, 
however, but still appreciable in many cases of obliterated aneurism 
in which the clot has been invaded by fibroblasts and angeioblasts from . 
the adyentitia or perivascular connective tissue. Usually the blood- 
stream finds its way between the iamellse and interferes with their 
organisation, except in the primitive or oldest layers. In favorable 
conditioiu the white clot' will be deporited in concentric layers until v 
the sac is filled in its totality, thus excluding the blood-stream and; 
spontaneoudy curing the aneurism. Or it may fill up the sac ciroum* i 
ferentieliy, leaving only a middle channel , from the inlet to the outlc^^; 
of the SBC, thus virtually rendming the aneurism inert, the clot bei^.' 
merdy canalised fer ;the passage of the blood-current. vfMI 

Usually, when an aneurismal sac is opened, it contains 
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blood with a mixture of white laminated and red or “cruoric” 
clot, the paaaive clot of Broca, which cannot be distinguished from 
an ordinary extravasoular coagulum. The difference between the 
two varieties of clot is that the white thrombus consists of fibrin, 
blood-plates, and leukocytes, with a few erythrocytes tangled in 
the fibrin network; while the red dot is made up of all the elements 



of the blood, induding fibrin. Usually there is a gradual trMsition 
from the laminated stratified clot to the red dot. The white dot 
is adherent to the walls, where it becomes dry, finn, and compress^ 
Toward the mouth of the sac it becomes softer and moister and of a 
reddish color, while that in contact with the blood-stream resemples 
ordinary soft red clot. The rdadve proportion of white dpt m tto sw 
is dependent upon several causes, c^efly upon the ^ and form m the 

sac and the activity of .the Wood^nirrent within it.. The saow 
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aneurism with a narrow neck has the most sluggish circulation and 
favors most the formation of the clot. In some old sacs or those which 
have been cured spontaneously, the stratified white clot is arranged in 
concentric layers which suggest the appearance of a cut onion (Fig. 75). 
In some of the old obliterated aneurisms the clot undergoes cdcareous 
and other degenerative changes (sometimes forming thromboliths), 
but this occurs much less frequently than in the thrombi of varicose 
veins. When the circulation is mideinly arrested in an arterial aneurism, 
the blood coagulates and the sac is filled with a soft red passive clot, 
which breaks up very easily, often forming emboli, which find their 
way into the distal artery, causing gangrene or other peripheral dis- 
turbances in the circulation. 

The relation of the white to the red dot has been a subject of much oontroveray. 
While the primitive fibrinous layers are deposited in the interior of the sac as the 
result d conglutination of blood-plates and leukocytes, the transition or transform 
mation of the red dot into the white is not so apparent. Wthout entering into the 
details of the controversy, it would not appear at all incompatible with our knowl- 
edge of coagulation that the red dot in 'the course of time would lose its cdor by 
absorption of the hematin and its fibrin remain stratified in concentric layers as the 
more active current receded from the periphery of the sac. The view that the red 
and wUte clot were altogether distinct in thdr origin was especially uphdd by the 
older surgeons and pathdogists, and even lately so eminent an authority as Stimaon 
(1801) regards the transformation of one into the other as highly improbable. On 
the other hand, Ridiet, Lefort, Boinet, Hayem, Ballance and Edmunds, and prob- 
ably the vast majority <rf modem writers support the transformation theory. 

Evolution of the Sac and its Effects upon the Peri-anenrismal 
Tissues (Pressure Effects). — ^As the sac develops, a series of changes 
in the peri-aneurismal tissues are instituted which in time add seriously 
to the burdens of the original disease. These pressure effects are 
manifested by a chronic type of irritative cellulitis, in which the con- 
nective tissue in the vicinity of the anemrism proliferates and fuses 
with the outer coat of the sac, becoming condensed and sclerotic by 
gradual hyperplasia. In this sderogenic process are also involved 
the surrounding lymphatics, veins, and nerves, which become stretched, 
flattened, thinned, and altered by progressive distention. The vmns 
in contact with the sac become in many advanced cases obliterated 
by a plastiq phlebitis, the lymphatics also and the traumatized nerves 
under^ interstitial neuritis,- manifested symptomatically by peripheral 
neural^as, paresthesias, and trophic disturbances in the distal parts. 
Edema t)f the extremities likewise results from interference with the 
venous and lymphatic circulation. The bones undergo absorption and 
erosion as a result of progroasive osteoporosis and decalcination. 

A most important effect upon the arterial collateral circulation in . 
the immediate -vicinity of the aneurism is also exercised by the con- 
stantTy growing sac. This is especially important in the popliteal 
region, Vhere the overlying aponeurosis offers great resistance to the . 
expansion of the sac. Here the peri-aneurismd tissues are displaced ! 
and laterally crowded eh masse toward the unyielding condyles and the^; 
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osseous insertions of the hamstrings, gastrocnemius, and soleus, which 
form the lateral boundaries of the space. The more yielding veins and 
lymphatics are the last to feel the effect of the compression exercised 
by the growing sac, then the peripheral collateral arteries, and lastly 
the nerves. It is easy to conceive that in advanced cases, when 
the tumor occupies the center of the popliteal space immediately 
behind the knee-joint, that not only locomotion should be impeded, 
but that the arterial supply of the leg and foot should be much 
impaired. In fact, the circulation of the distal parts is then dependent 
almost exclusively upon the continuity of the blood-stream through 
the aneurism itself. Any accidental condition or obstructive inter- 
ference which will bring about on obliteration of the main artery or of 
the aneurism, such as sudden displacement of a thrombus or a general 
clotting of the sac contents by a ligature, and will end in gangrene of the 
peripheral parts. This is the great danger which attends all methods 
of proximal compression. The ideal treatment is reached when, in 
addition to the immediate relief of tension, the continuity of the main 
arteiy as well as the compressed collaterals is obtained. 

In the central organs, the thoracic and abdominal cavities especially, 
where aortic aneurisms obtain their largest size, the sac in its growth 
displaces the neighboring organs, contracting adhesions with the sur- 
rounding parts. The hollow organs, the trachea, bronchi, esophagus, 
stomach, the great veins, the cavse, the pulmonary artery, the auricles 
and ventricles of the heart, and the thoracic duct are encroached upon, 
the compresaon ending by melting away the intervening partition and 
rupturing into the other organs or splanchnic cavities and thus bringing 
about a fatal termination by hemorrhage, which may appear os a profuse 
hemoptysis, hematemesis, or as a concealed hemopericardium, hemo- 
thorax, hematorrachis, etc. When the large veins are perforated, 
pathologic arteriovenous aneurisms are formed which cause great 
circulatory disturbances from the rapid fall of the blood-pressure on the 
arterial ude as the aorta empties itself into the veins. If the fistulous 
communication is not very large, a temporary adaptation to con- 
ditions will occur which may be tolerated for a time just 'as con- 
genital malformations of the cardiac septa are fairly well tolerated for 
a time in early life. 

In the thoracic and abdominal aneurisms the compresdon of import- 
ant nerves (pneumogastric, phrenic, sympathetic, recurrent laiyngeal, 
intercostals) gives rise to a series of reflex and referred pmns which, 
when propwly interpreted by the dinieian, not only reveal the presence 
of an aneurism, but its progress as well. 

Terminations. — A few and very rare aneurisms have been recorded 
in the literature which showed no tendency to grow or develop. In 
some of these the sac has clotted, leaving a central channel for the 
passage of the blood. They have continued indolent and latent, some- 
times for a period of fifteen to twenty years (Broca). In the mid, how- 
ever, accidental conditions have alwajrs caused them to return to 
activity, compelling active lueaaures for thmr control or removal. 
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The natural tendency of an aneurism is to dilate and finally to rup- 
ture, either by ^adual weakening of its walls or by ulceration into 
a natural adjoining cavity or through the skin. As it approaches the 
surface the skin becomes tense, adherent, inflamed, and may ulcerate 
and become gangrenous. The inflammatory process outside of the sac 
has been thought to favor coagulation of the blood within it, and thus 
lead to a temporary or even a permanent arrest of the disease, but, 
ordinarily, free hemorrhage follows the rupture and requires extreme 
measures for its arrest, if, indeed, arrest is possible. 

The most favorable possible termination is its spontaneous cure by 
coagulation of the blood within it. The conditions which provoke or 
favor this occurrence may be classified under three heads: (1) Those 
which favor clotting in the sac by retardation or arrest of the current 
through it; (2) those which increase the coagulability of the blood; 



(3) those which provoke coagulation through changes in or about the 
walls of the sac (Stimson). All these may be briefly summarized 
as follows: Spontaneous recovery takes place by (1) gradual deposit of 
fibrin from the blood in a laminated manner on the walls of the sac, 
so that the aneurism is completely consolidated and subsequently, by 
condensation and shrinking, becomes converted into a small, nodular 
mass of fibrous tissue. The artery, under such circumstances, may 
remain pervious or become converted into a fibrous cord as far as the 
first collateral branch above and below the seat of the aneurism. Such 
a favorable termination may be brought about by the retardation of 
the blood-current induced by (a) the lowering of the heart’s action; 
(b) the pressure of the aneurism upon the artery above its opening' 
into thes^c; (e) partial blocking of the mouth of the sac with a piece of 
detached ooagulum; the impaction of a piece ot clot in the artoiy: 
below the mouth of the sac; (e) the pressure of another aneurisnt ^ 
Or a tumor upon the artery above the sac or on the sac itsdfli- 
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(/) the aneurism rupturing and the effused blood compressing the 
artery leading to the aneurism. (2) By filling of the sac with 
recent ordinary coagulum as distinguished from the deposit of old> 
standing laminated fibrin. The coagulation of the blood in the sac 
may be brought about by: (o) the complete blocking of the mouth 
of the sac by. a piece of detached clot; or (b) by the complete plugging 
of the artery above and below the aneurism. The clot may thus become 
organized and transformed into a fibrous cord. (3) By the inflamma- 
tion and sloughing of the sac and the plugging of the artery above and 
below the clot. 

While there are so many ways by which an aneurism may be spon- 
taneously cured, the event is nevertheless a very exceptional occur- 
rence. Boinet has collected 60 instances of verified spontaneous cures 
in aortic aneurism alone; but this mode of termination is not legiti- 
mately to be expected. Sometimes, and not very rarely, the sponta- 
neous cure of an aneurism may bring about: (1) Great disturbances 
in the peripheral drculation, ending in gangrene of the foot and leg in 
popliteal aneurisms (whenever all the collaterals become plugged with 
a thrombus) ; death from intestinal gangrene (duodenum) when a celiac 
aneurism fills with clot, blocking up the collaterals which nourish the 
stomach, duodenum, liver, and pancreas; fatal gangrene will also follow 
in the extremities when an abdominal aneurism close to the bifurca- 
tion imdergoes spontaneous coagulation — i. a, when it is cured — or 
uremia may follow the spontaneous obliteration of an aortic aneurism 
involving the origin of both renal arteries in the sac. (2) Gan- 
grene of distal parts may also follow compression and occlusion 
of the parent arteiy by the aneurism itself. (3) More often the sac 
ruptures, ending in fatal hemorrhage which may become manifest, when 
the rupture takes place, in one of the hollow organs, esophagus, trachea, 
bronchus, or remain concealed when the hemorrhage occurs into one 
of the splanchnic cavities. Three-fourths of abdominal aneurisms end 
fatally by rupture (Boinet). (4) Death may be caused by a series 
of small preliminary extravasations which invade the surrounding 
tissues and bring about the end by anemia, exhaustion, or interference 
with vital or important organs. (6) Death may occur from asphyxia 
due to reflex spasm of the larynx or abductor paralysis of the glottis 
by direct compression of the trachea. (6) By marasmus and aneurismal 
cachexia (R^non), especially when the esophagus and the thoracic dui^ 
are compressed. (7) Infection and sloughing of the sac, with sepsis 
and secondary hemorrhage. (8) By the formation of arteriovenous 
aneurisms which result froin rupture into the vena cavse, pulmonary 
artery, and other thoracic vmns, and may bring about a fatal syncope 
from acute arterial depletion. 

Death as the result of aneurism may occur suddenly or rapidly, 
or slowly and gradually. Svdden death is more often caui^ by cardiac 
^ncope due to acute vascular depletion and aneinia of the brain; by 
angina pectoris, by j^ottic spasm, caused by irritation of tto recurrent 
laryngeal or by inhibition » of both pneumogastrio ttwrvei Oeatii 
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may come rapidly by a8ph}rxia when the aneurism ruptures into the 
trachea, bronchi, or respiratory passaps; when it ruptures into the 
pericardium, pleuim, peritoneum, or spinal canal; by cerebral embolism, 
by pericardial effusion, hemorrhagic or otherwise, by progressive slow 
compression of the trachea, or by compression of the atrium of. the 
cavs or of the auricles themselves. It may come dovUy or graduaUy 
by progressive compression of the trachea and bronchi, by compression 
of the superior vepa cava or of the heart itself, by compression of the 
esophagus or thoracic duct; by causing pulmonary edema and even 
gangrene of the lungs by obliterating the vessels at the hilum or by 
favoring marasmus and pulmonary tuberculosis on account of damage 
to the pneumogastrics, which greatly diminish the resistance of the 
lung-tissue to infection. 

Effects on the Circulationt — Hypertrophy of the left ventricle of 
the heart, varicose enlargement of veins, otetruction of vessels by 
emboli discharged from the sac, disturbance in the blood-pressure 
caused by compression of important veins, thus preventing the blood 
from reaching the auricles and supplying the pulmonary and general 
circulation; edema; anasarca from compresaon and damming back of the 
venous circuit of the veins; disturbances in the compaction of the blood 
and in general blood-pressure by the formation of arteriovenous aneu- 
risms may follow. 
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SjonptCMnatoIogy. — ^The agns and symptoms of aneurisms vary 
with their topographic distribution. In some intmmal aneurisms the 
tumor may attain- full development and even rupture, causing death, 
and the diagnosis still remain uncertain until the existence of the 
aneurism^is revealed by the autopqr. According to l«bert, fully one- 
righth cf thoracic aneurisms escape detection during life and are only 
revealed after a fatal hemorrhage has caused death (Boinet). More 
often the attentirm of the patient is attracted to the seat of the lesion; 
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by subjective and functional symptoms even long before any appre- 
ciable tumor is recognisable externally. In the peripheral aneurisms, 
taking the popliteal as the most common illustration, the attention 
of the patient is directed to the affected part by the pain, swelling, and 
a feding of muscular weakness, sometimes by stiffness of the joint. On 
examination a swelling is discovered in the course of the main artery. 

When an aneurism forms suddenly, by rupture or perforation of 
an artery, or in consequence of a violent effort or emotion, its formation 
is announced by a sharp pain and the more or less prompt appearance of 
a tumor if it is in an accessible locality. Usually, however, the aneurism 
forms slowly and with little subjective disturbance in the incipiency, 
and the discovery of the tumor is the first event to attract attention. 

Physical Signs. — A tumor of variable size develops along the course 
of the main artery of the region. Its surface is smooth and regular, 
ovoid or globular in shape. On inspection, it is seen that the mass 
pulsates and that the pulsations are synchronous with the pulse. The 
skin over the tumor is normal in appearance and movable. The veins 
below the tumor, on the distal side, may be turgid, congested, vancose, 
and the skin in fair subjects may pr^nt a marbled appearance. As 
the tumor enlarges there may be marked edema about the malleoli, 
foot, or other dependent parts. On palpation, the tumor is found to 
be non-adherent to the skin, painless to the touch. By manipulations 
it may be moved slightly in a lateral direction, not at all in a longitudinal 
direction along the axis of the artery. It is soft, compressible, elastic 
to the feel when it is of recent formation; hard and tense when it is old 
and filled with clot. The most notable fact recognized by palpation 
is the expansile character of the pulsation in the tumor itself; that 
is, when the hand is placed upon the tumor, it is felt to expand in every 
direction. If it is grasped between the thumb and fingei^ or between 
the hands, these are not only lifted up, but pushed apart by it. In 
aneurisms containing much dot, this expansile pulsation may not be 
so readily obtained, but when present, as it is in the majority of cases, 
it is a sign of the most convincing character. If steady pressure is 
applied to the tumor its size may be more or less diminished, but it 
immediatdy regains its former volume when the pressure is removed. 
If the artery on the cardiac side of the tumor can be compressed, the 
pulsation in the tumor will gradually diminish and cease altogether, 
the tumor becoming perceptibly smaUer and less toise. On removing 
the pressure it quickly fills again in two. or three fordble pulsations 
and recovers all its former characteristics. This reduction in rise 
and volume of the tumor with arrested pulsation— obtained by com- 
presdng the mun artery — ^is, of all the dgns of aneurism, by far the 
most important and characteristic. When well marked, it is pathog- 
nomonic of the disease.' 

, ' The eoeentrio, azpaneile jpulaatioii that is w eharaeterietie of aaeurinn and dw 
uwtion produoed hy the edmee aiid obstruction by dot in the aneunam eawM a 
BWlnd reduction in the arterial p re e su re beyond, ediieh b oftenea^ reooBUsed 
st the bedside, constituting an important dia gn ostic ayn^tom (Balianee and Ed* 
munds, p. 532). ’ . ’ 
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Infiitenee of PosiHon . — If the limb is elevated, the pulsation is less 
viable, the tension of the tumor relaxes, it becomes softer, and more 
compressitde. If the limb is depressed or lowered vertically, the tumor 
beats more vigorously, enlarges, hardens, and is less compressible. 

‘‘The pressure the blood exerts on the inner surface of the sac is 
the same on every area, corresponding in extent to that of the sectional 
area of the artery as it enters the sac. Now, the area of the inner sur- 
face of the sac increases as the square of the radius (Holmes, Walsham- 
Speneer). From these considerations may be gathered the amount of 
pressure to which the wall of the aneurism is subjected unless strength- 
ened and the area of its inner surface lessened by the clot.” 

‘‘ The pulse below the tumor is smaller on the affected side than on 
the sound side. The blood-pressure is also diminished as compared 
with the sound side; in some cases, with little clot in the sac, the differ- 
ence may be very slight between the two limbs. If a sphygmographic 
tracing is taken, it shows that the pulse is delayed on the aneurismal 
side and diminished in force as well; the tracing being less abrupt in its 
rise and more rounded, the dicrotic notch being less sharp or absent ” 
(Mahomed, Walsham). 

On auactdtaiion, with the ear directly applied to the tumor, or by 
listening through a stethoscope, a murmur is heard which is synchronous 
with the arterial pulse; this is the aneurismal bruit. It may vary 
considerably in character in different cases and in different regions, 
but it is usually harsh rather than a soft or blowing murmur. It is 
usually limited to the tumor itself and rarely propagated beyond it, 
along the arterial tract or along the blood-current. If pressure is made 
upon the artery above the tumor, the bruit and all the sounds in the 
aneurism cease with the arrest in the pulsation. Sometimes a double 
murmur is heard, one systolic and the other diastolic. Chauveau 
and Marie account for the aneurismal bruit by the vibrations of the 
blood-stream in the interior of the sac as it passes from a narrower to a 
larger channel. The murmur is loudest at the point where the artery 
enters the sac. Vibratory thrills, so characteristic of arteriovenous 
aneurisms, are extremely rare in arterial oieurisms. 

X-Ray Examinations . — In the peripheral aneurisms, the presence of 
marked arterioscleroris with calcareous change can ^ demonstrated 
by radiographs which show diseased arteries as faint or dark shadows 
(linear shadows), corresponding to the outline of the vessels (Carl 
Beck, Imbert, Lamy). Old aneurisms with atheromatous and cal- 
careous walls or containing much dot show as deep pulsating shadows 
directly recognizable with the fluoroscope. The form of the sac, its 
size, rdation with the afferent and efferent yessd, activity of its circula- 
tion, judging by the degree of expanrion and the amount of dot con- 
tained in it, can all be ascertain^ by fluoroscopic examination. The 
BAntgen j:!a}(8 have been most vduable in dding the early dia^osis 
of internal aneurisms, especially those of the thoradc aorta. Thanks - 
to this graat hdp, aii aneurism which is merdy suspected by the clinicd 
signs becomes readily demonstrable through the screen. In »TMininii>g 
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for aneurismal disease the fluoroscope is far more useful than the 
radiograph. The x-rays not only md in the diagno^ by locating the 
tumor, but also in the prognosis by showing the reduction. or 
in sise of the tumor in the course of the treatment (gelatin injections, 
etc.). Baetjer (1895) and Krause (1896) have developed a special 
technic by which the differential diagnosis can be better made between 
aneurism and other mediastinal tumors. 

The exploration of the chest for aneurism by the x-rays, if it is 
to be at all complete, must comprise at least four successive views in 
different positions of the patient: an anterior, a posterior, a lateral, 
and especially an anterior right oblique, as inasted upon by Holzknecht, 
are in^pensable. It is important that the patient should also be 
examined while turning slowly and standing, in order that the thorax 
may pass gradually through the various phases of these succesave 
examinations in regular order. The descending portion of the thoracic 
aorta is the least satisfactory because its shadows merge so com- 
pletely with those of the vertebral column. 

Subjective and Functional Signs. — In the peripheral aneurisms, 
pains radiating from the aneurism to the periphery, numbness, pares- 
thesias, etc., ore complained of as the result of stretching, compression, 
and inflammation of the nerve-trunks; edema and other evidences of 
obliterated venous and lymphatic circulation have already been referred 
to. In the internal aneurisms, especially the thoracic and abdominal, 
many of the most typical signs previously described as characteristic 
of the external aneurisms cannot be recognized on account of the 
inaccessibility of these aneurisms until the terminal stages have been 
reached. There is no appreciable tumor until late in the progress of 
the disease. On the other hand, a group of pressure signs develop 
which soon direct the attention of the clinician to the chest, and with 
the help of x-ray examinations, lead to comparatively early diagnoses. 

The more characteristic signs which the internal and especially 
the thoracic aortic aneurisms are recognized are dulness on percus- 
sion over the repon occupied by the tumor; pulsation transmitted to 
the surface by the underlying aneurism, usually under the sternum or 
ribs; aneurismal bruit; bronchial breathing and other signs of com- 
pression of the trachea, bronchi, or lungs; virible enlargement and 
turgidity of the veins of the neck and arm; edema of the arm and neck 
in compression of the superior cava or innominate; pain referred from the 
level of the aneurism to the surface along Head’s zones; or peripheral 
neuralgia caused by compression of the intercostals, especially marked 
in lower thoracic aneurisms; reflex pains and coughs caused by com- 
pression of the recurrent laryngeal; laryngismus sriridulus, dysphoma, 
or even aphonia, edema of the i^ottis, paralysis of the vocal chords, 
usually unilateral, and strident cough, may be all grouped as the 
la^ngeal signs of thoracic aneurism; vasomotor disturbances, unilateral 
niiosis, or mydriasis, and accelerate cartflac action result, from com? 
pression of the lympathetio;. sineitus, dyspnea, from compM^on 

of the phrenic; vomiting, disturbanees of tl» esophagus, and dy'i^sh^gia 
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may result from compression of the esophagus directly or from pneu- 
mogastric paralysis; oscillations in the rhythmic pulsation of the 
trachea and laiynx in aneurisms of the transverse arch, tracheal tugging 
(or the Oliver-Gardarelli sign), result from the transmission of pulsations 
of the aneurism to the left bronchus where it touches the aorta on its 
way from the root of the heart to the posterior mediastinum; marasmus, 
etc., resulting from the compression of the thoracic duct (very rare). 

Signs of Rupture. — When an aneurismal sac ruptures, the event 
may be recognized by a variety of manifestations according to the 
region and the artery involved. If the rupture is external, the diagnosis 
will be self-evident; if it occurs in a serous cavity, the signs of acute 
vascular depletion, acute anemia with prompt and fatal syncope, will 
at once suggest the concealed hemorrhage, which, if the patient sur- 
vives long enough, may be confirmed by a physical examination, showing 
the presence of fluid in the pleura, pericardium, or peritoneum, according 
to the seat of the rupture. If rupture takes place into the trachea, 
hemoptysis follows; into the esophagus, hematemesis; into the intestinal 
canal, enterorrhagia, if the patient lives long enough; if into the peri- 
cardium, all the signs of acute heart compression (“ Herz tamponade ”)• 
If the extravasation takes place in the tissues, all the local signs of 
extravasation with the formation of hematomata— usually diffuse, 
progressive, and associated with all the signs of vascular depiction, 
ending in syncope — will follow. 

Aneurisms undergoing spontaneous cure are recognized by the 
gradual or rapid diminution of all the physical and subjective signs, 
reduction in size, increased hardn^, suppression of murmurs, pulsation, 
and other signs of circulatory activity in the aneurism. 

Differential Diagnosis. — When a typical arterial aneurism pre- 
sents all or most of the symptoms and signs previously described, 
the diagnosis is simple, easy, and unmistakable. When an aneurism 
is filled with clot, or its external and accessible surface is well lined 
with laminated clot, and the pulsation is not expansile and no murmurs 
are heard, reduction in size on compression may still guide the surgeon 
to a diagnosis. But, as Delbet says, there is probably no other disease 
which exhibits such a long list of celebrated diagnostic errors. 

In the diagnosis of arterial aneurisms they should be distinguished or 
differentiated: (a). From other aneurisms, and (b) from other allied 
tumors. From other arterial diseases: from arteriovenous aneurisms 
by the ab^nce of striking disturbances in the venous circulation, the 
lack of pulsation in the veins, the absence of thrill and loud purring, 
vibratory murmurs transmitted widely along the proximal and distal 
veins; from cirsoid aneurism, by the fact that these are composed of 
numerous pulsating vessels, a congeries of arteries and dilat^ veins, 
not an isolated tumor over a large surgical artery; by the fact that 
cirsoid usjially occupies the scalp, and by the fact that the ligation or 
compression of the main artery does not arrest the pulsation of the 
mass or reduce the bulk of the swelling. From cavernous angeiomata 
aneurisms are distinguished by the absence of expansile pulsation in 
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the angeiomata; by the slight impression produced upon the size by 
compression of the main artery; by the fact that angeiomata, as a rule, 
are subcutaneous and involve the skin, causing a distinct discoloration, 
and convey to the tactile sense an unmistakable sensation, similar to 
the emptying of a sponge upon compression. Serpentine diloMions 
or ectasee of isolated arteries, such as are seen in the arms of thin, aged, 
arteriosclerotic subjects, are not to be confused with aneurismal swell- 
inp because the artery is simply tortuous throughout its length, but 
shows no distinct sacculations. From other tumors or stveUings: (1) 
Transmitted pulsation in tumors. A hard tumor, such as a mass of 
enlarged and adherent glands in the neck, may simulate an aneurism 
by transmitting the pulsations of the carotid to the surface. The 
history of the case, the absence of expansile pulsation, non-reduction 
of the tumor by compression of the artery on the proximal side, mobility 
of the tumor, which can sometimes be lifted up from the artery, will 
usually suffice to clear the diagnosis. (2) Pulsating abscess. This 
may be (a) a peri-aneurismal phlegmon; (b) an abscess into which an 
eroded artery has ruptured, transforming the cavity into a spurious 
aneurism or pulsating hematoma; or it may be (c) an aneurism which 
has become infected and is suppurating. In either of these three 
cases the history is of great value for the diagnosis. But the greatest 
errors have been committed in connection with infected and suppurating 
aneurisms, which have been mistaken for ordinary phlegmons or 
abscesses, especially in the popliteal space. When an aneurism inflames, 
the peri-aneurismal connective tissue quickly participates in the phleg- 
monous process, the skin reddens, becomes edematous and infiltrated, 
hot and tender to the touch. The outline of the aneurismal sac then 
is lost in the general swelling and cannot be felt through the edematous 
skin, the whole region throbs and pulsates, but the heaving expansile 
pulsation is lost, as it is diffused throughout the swelling. It is easy 
then to fall into error and to plunge a knife into the supposed abscess 
cavity unless advised by the previous history. Some of the most 
dramatic episodes recorded in surgical history are connected with just 
such mistakes. Eminent surgeons, like Desault, Pelletan, Dupuytren, 
Boyer, Holmes, Pirogoff, Kiister, and a host of others too numerous to 
mention have given proof by their mistakes of the extraordinary 
difficulty attending the diagnosis of some of these aneurisms. In view 
of the fact that all the conditions above mentioned require prompt 
surgical intervention, it should be the rule that in all distinctly pulsating 
alMcesses occurring in important surgical regions, in which a mistake 
might prove fatal through hemorrhage, every precaution should be 
taken to procure a bloodless field at the time of the intervention. In 
the limbs the circulation should be controlled by the Esmarch con- 
strictor; in the neck, the main artery should be exposed, clamped, or 
provisionally held in a traction loop; in the groin, gluteal, Uiac, or 
•‘ixillary regions, the common iliac or subclavian respectively should 
exposed and held securely, pending the exploration of the suspicious 
swdling. There is no reason why, at the present iday, except as the 
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result of hasty diagnosis or inadvertence, such disastrous occurrences 
as have been recorded in the past should take place. 

Telangiectatic sarcomas, endotheliomas, and epitheliomas, especially 
when developing in bone, are often pulsatile and expansile, thus 
mmiilftting aneurisms; in fact, aneurisms in bone do exist, but in these, 
while the pulsation in the tumor is stopped by compression of the main 
artery, the bulk of the mass remains with little reduction in size. In 
these cases, as in those previously referred to, a preliminary exploration, 
after ischemia has been obtained by elastic constriction, will promptly 
dear the diagnosis without peril to the patient. X-r&y examinations 
(fluoroscopic) will also help to reveal the character of the tumor as 
wdl as its relation to the bone. 

The chief interest in the differential diagnosis of aneurism lies: 

(1) In the possibility of cutting into an aneurism by mistake, and 
causing disastrous hemorrhage before the bleeding can be arrested. 

(2) In preventing amputations and mutilations for supposed malignant 
tumors of the extremities, which would have been avoided had the 
diagnosis of aneurism been suspected. (3) By modifying the prognosis, 
which would be more favorable in aneurism than in sarcoma or car- 
cinoma, or vice versft, a favorable prognosis might be given under the 
impression that the tumor is' a simple fibrolipoma or fibroma, when on 
exploration it would be discovered to be an aneurism. Under the 
prevailing conditions of operative surgery, all of these errors can be 
readily avoided by direct preliminary exploration at the time of inter- 
vention if the surgeon would only bear in mind the possibility of aneurism 
and prepare himself thoroughly to meet it should the exploration reveal ' 
its existence. 

The diagnosis of aneurism is not completed by the mere recognition 
of its existence; the patient must be thoroughly examined with a view 
to obtaining cognate data which bear directly upon the prognosis and 
upon the selection of the proper treatment. If possible, an effort 
should be made to determine the topography of the sac, its size, the 
activity of its internal circulation, the amount of clot it contains, 
shown by the degree of compressibility, the vigor or feebleness of the 
expanrile pulsation; the effect of compremon of the main artery upon 
the mass, the effect upon the peripheral circulation obtained by such 
compression — all valuable, if not indispensable, information for the 
guidance of the surgeon in his selection of the best method of inter- 
vention. . 

It is also necessary to determine the concUtion of the general circu- 
lation, the heart, the peripheral arteries, as regards arteriosclerotio 
changes, or the possible coexistence of aneurism elsewhere, in ordtf . 
to estimate not only the probabUiries of developing the collateral dr- 
oulation after the obliteration of the aneurism, but also the general 
fitness of^the patient for the operative act itself, if such is indicated. 

Profnoeto*— <An aneurism-^o matter where it may be or how small/ 
it may be— is always a seriouB menace to the bearer. If ne^ected,^ it/ 
is. a menace of death.' ' While spontaneous cure or pdsistence as 
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stationary or latent condition for indefinite periods of time do occur, 
these are such exceptional events that they are not to be reckoned with 
in practice. The regular tendency of an aneurism is to enlarge without 
cessation until it ruptures. Hence the necessity of treating them from 
the moment they are recognized (Delbet). 

The prognosis varies according to the situation of the aneurism. 
The external aneurisms or those accessible to the surgeon offer infinitely 
better prospect of recovery than the internal or visceral aneurisms. 
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Etiology. — The Relative Incidence of Aneurism. — In a collec- 
tive study of the surgical diseases as they prevail in the Charity Hos- 
pital of New Orleans, I have gathered the statistics of aneurism as 
recorded in • that institution from the decade 1884-1893 inclusive. 
During this decade 64,421 patients of all classes, suffering from all 
diseases, were admitted to the Charity Hospital; of these, 70. 15 per cent, 
were of the white race and 29.86 per cent, were colored. During this 
time 199 aneurisms were recorded, of which 143 occurred among the 
whites (71.86 per cent.) and 56 among the colored (28.14 per cent.). 

Holcombe, at my suggestion, subsequently compiled the statistics 
of aneurism as recorded in the same institution, during the decade 
from 1896-1905 inclusive. During this period 81,242 patients were 
treated, of whom, approximately, 30 per cent, were colored. These 
yielded 172 cases of aneurism, which were distributed regionally as 
follows: Thoracic aorta, 70; abdominal aorta, 36; popliteal, 21; femoral, 
10; innominate, 9; subclavian, 8; common carotid, 5; external iliac, 2; 
bracliial, 2; axillary, 2; vertebral, 1; ulnar, 1; radial, 1; celiac axis, 1; 
splenic, 1; occipital, 1; temporal, 1. 

Stimson’s statistics, based upon the records of the New York Hospital for the 
years 1882-1892, show that of 22,197 patients admitted to that institution during 
these ten years, 55 were cases of aneurism, classified as follows; Aorta, 37; innomi- 
nate, 3; femoral, 3; radial, 3; bracliial, 4; cirsoid aneurism, 5. In an analysb of 
103,060 autopsies, held from 1865-1900 at the Jena Pathological Ii^itute, E. 
Muller found record of 183 aneurisms. In 1928 autopries held at tlie Boston City 
Hospital, 36 aneurisms, or 1.8 per cent., are recorded. At the Johns Hopkins Hos- 
pital 25 aneurisms were found in 1800 autopsies (Camack). 

The real incidence of aneurism in its broadest sense is not easy 
to determine accurately, because numerous aneurisms of cerebral, pul- 
monary, visceral arteries, and also many traumatic aneurisms, are 
classified under different ^hea4ingB in the hospital records, such as 
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apoidesy, tuberculosis, and under wounds of arteries, etc., and in this 
way are eliminated from the statistics. However, the statistics above 
quoted confirm in a general way the expmence of observers all over 
the world, showing that the aorta is by far the most frequent seat of 
this The popliteal is next in order of frequency, with 25 . per 

cent. (Crisp) of all aneurisms and 55 to 60 per cent, of the peripheral 
cases (Matas). 

Age. — Arterial disease in children under six years, even the con> 
genitally syphilitic, is practically unknown. In those from six to fifteen 
years it is rare (Camack). Patholopc aneurisms, therefore, are ex> 
tremely rare in children. In 1799 autopsies of foundlings at the New 
York Foundling Asylum, no aneurisms were found (NichoU, quoted 
by Camack). Schmidt, however, reports radial aneurism in an infant 
eight weeks old; Syme, a popliteal aneurism in a boy seven years of age; 
Hodgson, an aneurism in the carotid of a.^rl aged ten years. By com- 
bining the statistics of Crisp, Lebert, liddell, lisfranc, Ruehle, and 
Lutlich, F. Fischer found that in 2196 cases of aneurism the disease 
occurred with the greatest frequency between the fortieth and fiftieth 
years (622 cases) ; in 41, it occurred before twenty; in 39, after seventy. 
E. Muller, in his study of the 183 aneurisms, found that only 1 per 
cent, occurred up to the fifteenth year. 

Sex. — Arterial aneurism is largely a male disease .(78 per cent.). 
It occurs more frequently in males up to the fourth or fifth decade; 
after the fifth decade both sexes are equal (35 per cent.). In MiUler’s 
183 aneurisms, 108 occurred in males and 75 in females. In 280 
autopsies collected from literature, Camack notes 210 males and 70 
females. 

Race.— ^Aneurism is a disease peculiar not only to man, but to 
civilised man. It is practically unknown in the lower animals, except 
as a parasitic manifestation (strongylosis in the horse) ; this harmonizing 
with the fact that arterial disease in general is almost unknown among 
the lower animals. Aneurism in the pathologic sense follows in the 
wake of arterial diseases and is to be found wherever the conditions 
which favor arterial degeneration prevail. Its relative frequency as 
a product of disease is dependent upon the mode of life, habits (indul- 
gence in vascular poisons, alcohol, tobacco, etc.), certain general infec- 
tions (especially syphilis), and other peculiarities of the race which 
directly or indirectly influence the hedth of the arteries. Whatever 
will prevent premature arteriosclerosis in any of its forms, using the . 
word in its broad generic sense, will also prevent aneurism. The savage 
ra^ and primitive peoples removed from the touch of civilization 
enjoy, as far as we know, the same relative immunity from aneurism 
that is observed in the lower animals. The sins, viees, luxuries, and 
worries of dvilization clog the arteries with the rust of premature 
senility^ known as arteriosderods or atheroma, which is the chief 
factor in the production of aneurism. The An^o-Saxon and Norib 
Celtic races have been reporied to be espedally liable to aneurismid^ 
disease, more so than the Latin races, because of the greater indulgent^.- 
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in alcoholic intoxicants, as well as the abuse of athletic exercises. All 
races, however, are equally liable when the same conditions of life and 
social environment prevail. . 

The American negro dave, before the CSvO War, living under the vigilant eye of 
the master, was sober and protected to a large extent by social and disriplinary re- 
strictions from the great vascular pmsons, alcohd and syphilis; and th«n aneurism 
was comparatively rare in the colored race. Since emancipation, license has followed 
freedom, and now the negro is not cmly the pathologic peer, but the superior, of his 
former master in his liability to aneurism as wdl as to other Hihapjww dependent 
upon vascular degeneration. Statistical evidence shows that the colored race in 
the United States is affected with aneurism about four times as frequently as the 
white (Camack). 

Number. — Aneurisms are usually sin^, but two or more may 
occur in the same individual or in the same artery. In the congenital 
d 3 rstrophy of the arteries described by Eppinger, Rokitansky, and 
others, aneurisms appear not only in early life, but in many arteries of 
the same individuaL Much more often, the multiplicity of aneurisms 
is the result of arterial weakness or disease acquired in adult life — a true 
aneurismal diathesis. Some of the victims of this diathesis develop 
aneurisms wherever the slightest traumatism is inflicted upon the 
arterial walls. Digital compression, traction upon an artery with a 
loop ligature, a provisional or pennanent ligature, and forcipressure, 
suffice tb develop an aneurism. In some cases as many as thirty 
(Manec) and sixty-three (Pelletier) multiple aneurisms have been 
counted upon the same individual. 

Multiple aneurisms are usually more frequent in the large arterial 
trunks, especially the aorta (31 were multiple in 340 aortic aneurisms, 
Boinet). Multiple small aneurisms characterize that rare and fatal 
form of arterial disease first described by Kussmaul, Maier (1866), by 
the name of polyarteritis nodosa, in which small aneurisms are strung 
like the beads of a rosary on the mesenteric or other splanchnic arteries. 

The size as well as the form of aneurisms is exceedingly variable. 
While not always true, it may be said that the size of an aneurism 
is usually proportional to the caliber of the artery to which it is 
attached. In many of the cerebral vessels aneurisms may never attain 
a larger rise than that of a millet seed. In other vessels, as in the 
thoracic or abdominal aorta, aneurisms may be as large as a fetal head. 
When aneurisms attain a very large rize, the original sac has. long 
since ruptured or yielded in some part of its surface. By yielding 
or rupturing in this way, diverticula or secondary pouches are formed, 
made up of fibrous connective tissue and generalized clot. 

Pathogeiiy« — As shown by statistics, aneurism is most fi^uent 
at that age when the coats of the artery are most liable to be weabsned 
by disease, syphilis, and alcohol, and the muscular system is stUl vigorous. 
Hence the frequency of aneurism among those whose oectups^on 
subjects them to sudden, violent, or irregular strain, such as soldieni, 
sailors, porters, laborers, an^ in men so much more than in women. 
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It is the loss of the middle or musculo-elastic tunic by disease and 
degeneration which impairs and finally destroys the elasticity of 
the arterial wall and allows it to yield to the pressure of the blood- 
stream. Therefore, as Bougl6 says, the study of the pathogeny of 
aneurisms resolves itself into an analysis of the causes which bring 
about this primary defect of the media. To account for this change 
various theories have been suggested, of which the best known are: 

L The inflammatory or infectious theory of arteritis, according to 
which the disease begins as a proliferative perivascularitis of the vasa 
vasorum, starting in the external tunic and secondarily affecting the 
media through obliterative nutritive disturbances, the process being 
started by a toxemia or bacteriemia, usually of syphilitic origin. 

II. The meohomical theory of Manchot (1890), based upon observa- 
tions of previous observers, teaches that the elastic fibers of the media 
may be primarily ruptured by any muscular overstrain which would 
bring about a sudden violent increase in the arterial tension. These 
authors believe that this can take place in normal arteries not previ- 
ously weakened by disease. 

Traumatism. — Barring the false aneurisms (aneuiysma spurium) resulting from 
perforating or penetrating wounds of arteries, the influence of traumatism in the 
production of aneurism, without coincident arterial disease, has been the subject 
of much controversy, doubt, and experimentation. It is now well known that with 
the exception of arteriovenous aneurisms, which in very recent times have been 
experimentally produced in animals by improved technical methods, thfe experi- 
mental production of typical aneurism by traumatism is practically impossible and 
has always failed in the lower animals, especially dogs and rabbits, these animals, as 
is well known, being apparently exempt from arterial disease. Later experiments 
made by Fabris (1901) were more successful. All this evidence shows that in 
animals, at least, traumatisms alone wiU not cause pathologic aneurism unless 
degeneration (inflammation) of the media is superadded. 

III. The Arteriosclerotic Theory, — ^Thoma and his followers attack 
the mechanical theory, claiming a priori that the elastic and muscular 
fibers of the media in a normal vessel are able to bear any strain occurring 
in life, no matter how great. Thoma tries to prove by numerous experi- 
ments on dogs that the intima can be subjected to an intra-arterial 
pressure amounting to 100 to 200 cm. Hg. without producing the 
least microscopically appreciable damage. On the other hand, vessels 
degenerated by arteriosclerotic processes show enormous lacerations 
and ruptures when subjected to the same or much less pressure. 

It is evident that all three factors, inflammation or infection, trau- 
matism, and degeneration, are all frequently united in the exercise of 
the same deleterious influence upon the elastic and muscular elements 
in the media. That arteriosclerosis, in its broad generic sense, is the 
precursor of aneurism in the vast majority of cases cannot be doubted* 
The causes that lead to arterial degeneration in general have been' 
already referred to in the chapter on Diseases of the Arteries. It ;;; 
is usually conceded that syphilis, alcohol, and hard labor combined^- 
SM the most certain predisposing agents. As Osier pithily puts 
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Venus, Bacchus, and Hercules are to be recognized as the etiologic 
trinity in the causation of aneurism. In fact, without syphilis to 
account for aneurism at the prime of life, there would be no aneurisms 
(patholo^c) in the great majority of cases, so enormous is the per- 
centage of the syphilitic; at least 70 per cent, of aortic aneurisms are 
syphilitic. 

Experimental Aneurisms Obtained by the Production of Toxic 
Arteritis. — ^The physiologists, however, have succeeded in obtaining 
positive results by injecting adrenalin and other toxic substances. 
Reference has abeady been made in the chapter on Diseases of the 
Arteries to the production of toxic non-inflammatory degeneration 
of the media obtained by adrenalin injections, and the conclusion 
expressed that the burden of evidence was in favor of regarding these 
lesions as identical with those of human arteriosclerosis. To con- 
tribute further to the analogy it has been found that multiple aortic 
aneurisms may be produced in rabbits by this same means. After 
the adrenalin injections have been administered for some time, circum- 
scribed bulgings are noticed in the arch and the thoracic aorta. 
Generally, and in the most typical cases, weU-developed saccular 
aneurisms are found. Even aortic ruptures with dissecting aneurisms 
are reported by Fischer. 

The pathogeny of aneurism, as viewed in the light of modem evidence, 
may thus be summed up in a modified statement from His’ recent 
contribution on the subject: 

(1) Aneurisms are formed as a result of the permanent disproportion 
or disturbance of the normal balance between the intravascular pressure 
and the resistance of the vascular walls.' 

(2) The resistance of the arterial walls is chiefly dependent upon 
the integrity of the media, especially its elastic elements. 

(.3) Any influence which temporarily or permanently destroys the 
integrity of the elastica may give rise to aneurismal dilatation, unless 
the power of resistance of the walls is reestablished by a compensatory 
process. In certain cases congenital hypoplasia probably plays a part. 

(4) The integrity of the dastica and muscularis may be impaired 
by traumatism or inflammation. It is probable that an entirely healthy 
artery may be ruptured by external Ugh arterial pressure, especially 
in combination with traction and contusion. 

(5) It has been determined by observations upon human subjects 
as well as animals that under certain conditions even extensive ruptures 
may heal without giving rise to symptoms; but in man at least per- 
manent and progressive du; formations are also apt to occur. Trau- 
matism is, however, a determining factor in the formation of aneurisms 
when it is added to diseased arteries. 

(6) The spontaneous formation of aneurisms is favored by aU 
influences wUch destroy the .elastica of the tunica mediai such as 
ischemic fod, infarcts of bacterial did non-bactdtial ori^ (Ponflck), 
and inflammations of various, kuads. These include mycotic embolie 
aneurisms, perliaps the rttatiiMy more (mmipoh f orm in 4^^ 
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rare cases, tuberculosis, perhaps malaria, and often, probably in the 
majority of all eases, syjhilia, which produces a characteristic endar> 
teritis readUy distinguishable from the non-specific arteriosclerotic 
endarteritis. 

(7) It has not yet been positively ascertained whether or not, 
besides the traumatic and inflammatory aneurisms, other forms occur 
based upon a purely mechanical foundation (elastic and muscular 
overstridn), as conceived by Thoma; or upon a degenerative, perhaps 
autotoxic, soil, similar to the adrenalin aneurisms of rabbits (aneurisms 
in gouty and arthritic subjects). 
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Treatment. — ^The treatment of aneurism may be conveniently div- 
ided into the medical and the surgical. The medicd treatment is reserved 
for the mtemal aneurisms, which, at present, are not only inaccessible to 
the surgeon, but even when they are accessible to direct operative 
intervention, involve certain areas of the circulation which are so vitally 
necessary to the life of the organism that their obliteration by radicd 
operation would be folLwed by certain and immediate death. In 
these cas^, measures of treatment may be adopted which, imitating 
the spontaneous or natural modes of cure, may succeed in airestihg the 
progress of the disease or at least in palliating its most painful and 
distressing manifestations. The only aneurisms that remain in the 
absolutely non-surgical category are those of the thoracic and of the ; 
abdomin^ aorta, especially those which occupy the trans- and sub^, 
diaphraigmatic segments of this artery. With anesthena, asepsis, andS 
improved methods of hemostaeds, the strictly spealdng medical aneiir^ ] 
isms have been circumscribed to the limits of the aortic tracts abbl#^ 
/.releried to. 
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Here, however, it would appear that the advance of surgery must 
halt. For, even with, the most ideal methods of approach, and granting 
that without long delay it will be possible to open the thorax as safely 
as we now open the abdomen, there will always remain a group of 
fuinform, cylindric, and dissecting aneurisms involving the entire cir> 
cumference of the arch and other sections of the aortic tract, in which 
a radical operation, in the surgical* sense of removing or obliterating 
the diseased artery, will mean death. It is easy to conceive that con- 
tinued improvements in the methods of artificial respiration on the 
lines of the Sauerbruch cabinet and methods of positive insufflation 
(Brauer’s, O’Dwyer’s, or my own pump), the mediastina may be 
opened without pneumothorax or serious interference with the respira- 
tion; but apart from the exploration of the aneurism, its type, and its 
relations to the surrounding parts, the diseased sac could not be extir- 
pated or obliterated without arresting the whole systemic circulation. 
Even granting that two-thirds of the aneurisms of the aortic arch are of 
the sacciform type, it will be only in exceptional and extremdy favor- 
able sacciform cases with a narrow neck that it will be possible that a 
sacculated aneurism may be obliterated or excised without interrupting 
the circulation. On the other hand, there is good reason to hope that 
with increasing facilities for the early recognition of aneurismal dilata- 
tions («-rays), before the complete and irremediable ruin of the arterial 
coats has b^n accomplished, it will be possible to institute such hygienic, 
constitutional, and therapeutic treatment that will arrest the degenera- 
tive process and prevent the formation of these inoperable aneurisms. 

Medical Treatment. — ^The object of this treatment is to imitate 
nature’s mode, of cure by: (1) Diminishing the blood-pressure; 
(2) retarding the velocity of the circulation; (3) increaring the coagula- 
bility of the blood; (4) provoking thrombus-formation within the sac 
by agents which act directly on the aneurismal tissues from within and 
from without. These indications are best met by the dietetic, hygienic, 
and medicinal treatment which was introduced by Valsalva and 
Albertini (1728), Tuffndl and Billingham, and is still known by -these 
names. They all aim at accomplishing the first three indications in 
nearly the same way. The original Valsalva treatment consisted in 
ohadvie physical and mental rest, in rigorous diet (125 grams of food 
per day), deprivation of fluids, and repeated blee^g (venesection), 
by which the volume ''f blood was reduced, the blood tenedon dimin- 
ished, imd the coagulability of the blood increased. The treatment 
was continued until the patient was too weak to lift his hand from the 
bed. In Tuffnell’s treatment (1864) the spoliative venesecti^ons m 
omitted; dreulatory and other drugs are ^ven, which accoihplii^ 
the same results without depreciating the vitifflty of the patient or crip- 
pling his resistanoe. Neither are tlm extreme restridtiona in di^, so 
much in favor in the past, now regarded as necees^, espedafly if the 
treatment is likely to be of long'duration. The er^i^ i4giine 

should be, above all, jffolong^ and absolute rest in bed|av<ddaiioe of 
iiU excitement and woiryjwfsh or similar Bgbt diet^ widi as litt^. fluid 
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as is actually bearable and is consistent with the {uroper movement of 
the bowels. TufFnell's diet (1864) is an extreme measure, which if 
consistently carried out imposes a very severe hardship upon the 
patient. It consists of: Breakfast, bread and butter, 60 grams (2 
ounces); milk, 60 grams (2 oimces); dinner, meat, 90 grams (3 ounces); 
bread and potatoes, 60 grams (2 ^ounces); water or claret, 120 grams 
(4 ounces) ; sapper, bread and butter, 60 grams (2 ounces) ; tea, 60 grams 
(2 ounces). An absolute or modified diet is preferable because it 
eliminates the tea, meat, and wine, which are objectionable in the 
Tuffnell dietary. Tuffnell’s treatment should be tept up for three 
weeks at a time. In its place Sir Douglas Powell advises a fat diet, 
because it results in the formation of lecithin, which, according to 
Woolridge, is possessed of marked coagulative properties. Meats, 
according to Huchard, are particularly objectionable in aneurism-diet, 
nnce they lead to the formation of alimentary toxins, which are vaso- 
constrictor poisons and increase arterial tension. Rest in a horizontal 
position reduces the pulse eight or ten beats per minute, and on this 
assumption the impact of the blood against the aneurism^ walls will 
be leswned by 9600 beats in sixteen hours (Boinet). Furthermore, 
the horizontal position reduces the generid blood-pressure 10 mm. 
Hg., and in this way rest is really the foundation of all medical 
treatment. 

Medicinal Treatment. — Drugs are chiefly indicated to reduce 
the frequency of the heart-beat and to diminish the arterial tension. 
Nitroglycerin, tetranitrite, sodium nitrite (Huchard), chloral (Cher- 
chovsky), aconite (Grimshaw), veratrum viride, etc., are all valuable 
when the pulse is rapid wd the arterial tension is high. Potassium 
iodid, of all the drugs recommended for aneurism, is by far the most 
potent and useful. While it is especially indicated in all cases in which 
there is an antecedent syphilitic history, its action in relieving pain and 
quieting the distress of aneurisms is not dependent upon its antisyphilitic 
prop^ies. Its mode of action has been diversely interpreted, but 
whatever this may be, it reduces the tension in the aneurism and 
favors coagulation. In syphilitic cases it should be combined with a 
positive mercurial treatment in view of postible syphilitic arteritis. 
Potastium iodid should be given with judgment and in such doses 
that the patient may tolerate it without iodism. It should be given 
in 6 to 10 minims of saturated aqueous solution, gradually increased 
to 30 or 40 and more three times daily, for at least three or four 
weel^ this treatment to be discontinued when iodism develops. 
Surgical patients, unless i^hilitic, should not be subjected to the 
iodid’ treatment. 

Fosculor AeiringetUe and Coagulants . — Of the numerous astringents ; 
jsnd coagulants formerly prescribed, none remain except the niunes,:; 
as past ' memorials of tto anti-aneurismal materia medioa* 
only remedies of this dass that deserve cotisideration are gdatin asitri 

, 'BoNpfddhaBi«eentlyMedstaaiiinaaaoosgulaath]rpadHiBi«ally,lrithseaift| 
inpnjvemBt in 3 ecMk V 
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calcium ehUmd (Wright), either , of which may be given separately 
internally, but are more conveniently and positively administered 
together by hypodermoclysis, with the sole view of favoring the coagula- 
tion of the blood. 

Odatin . — In 1896 Dastre and Floresco demonstrated the remarkable 
action of gelatin in hastening the coagulation of the blood. Lancereaux 
(1901) and Paulesco introduced and systematized the administration 
of gelatin for the treatment of internal aneurism. The solution recom- 
mended by Lancereaux does not exceed 3^ per cent, gelatin dissolved 
in 0.7 per cent, sodium chlorid solution. The stronger gelatin solutions 
have shown no advantages over the weaker percentage recommended 
by Lancereaux. Six to eight ounces of Lancereaux’s solution should 
be injected subcutaneously in the lumbar, subscapular, or upper 
gluteal re^ons every five or six days, and continued until twenty 
injections have been given. Jaeger has collected 120 eases from the 
literatine treated by tl^ method, in which 40 were decidedly improved 
or apparently cured. Bollenstein (1904) also reports 126 cases, show- 
ing favorable results following the gelatin injections in 58 cases (46.03 
per cent.), a far higher percentage than obtained by any other method 
of treatment. 

The injection of gelatin solution is followed by a slight rise of the 
blood-pressure, which soon falls to normal. The coagulant action of 
the gelatin would appear to be much accelerated by the addition of 
calcium chlorid by mouth, but preferably in the Carnot solution (2 
centigrams to 100 grams of a 3 per cent, gelatin and sodium chlorid 
solution), or by prescribing a 3 per cent, gelatin solution made with 
Locke’s fluid, which contains enough calcium chlorid for the purpose. 
(See Calcium Chlorid in section on Hemorrhage.) Boinet and Vedeler 
advise the administration of gelatin, 10 per cent, in 0.7 per cent, of sdt 
solution by enema, conjointly with the administration of the gelatin 
by mouth or by hypodermocl 3 rsis. The mode of action of gelatin is 
obscure; it is not transformed into peptone, it acts not by its acidity, 
as claimed by some, but by increasing the plasmase or fibrin ferment 
contents of the leukocytes or by a certain degree of leukol 3 reis. 
Cdatin injections are usually absorbed in twenty-four hours; 
they cause no abscesses when prepared with proper and rigorous 
methods of sterilization (see Sterilization Method, section on Hem- 
orrhage), and their value appears to be established by the great 
numl^ of cases of reported improvement in favorable cases. The 
pains and pressure signs ate moderated after the sixth injecti<m; 
the aneurism hardens peh»ptibly after the tenth; complete hardening 
with arrested pulsation may follow after thirty or forty injections. 
When the treatment, is followed by favorable resets, it should be 
renewed and another series of injections repeated. However, .,eases of 
embolism and thromboris have been recctfded by seyerai . observers. 
Tetanus h probaUy the most serious danger to apprebnided from 
defective or imperfect sterilizatioii. By subjeetogtiie solarioe^^t^^ a tma- 
perature of 110" C. for thirtyj^utee this danger miil; sINtai’S be ayel^ 
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(Roux). To obviate all risk, ichthyocol, which contains 86 to 03 
per cent, pure gelatin (obtain^ from the air-bladder of the sturgeon), 
has been applied with even more marked effect than the ordinary 
gelatin (Boinet, Huon). 

My own experience with gelatin injections confirms the opinion that 
gelatin is not to be relied upon as a certain remedy, but- the reUef it 
furnishes in a considerable percentage of these unfortunate cases fully 
justifies its systematic administration in all inoperable aneurisms. 
It is especially indicated in sacciform aneurisms. A certain tendency 
to irritation of the kidne 3 rs in the course of its elimination, which 
would aggravate a coincident nephritis, is the only contra-indication. 

Symptomatic treatment is c^ed for to meet special indications. 
When external rupture is present, venesection was formerly recom- 
mended, but rest, with veratrum viride, will accomplish the same 
result without spoliation. Ice-bags over the well-protected skin may 
be used when the skin is inflamed, red, and glossy. When sloughmg is 
threatened, ice will aggravate the condition, and compresses of lead- 
and-opium lotion should be substituted. Sachets made of sterilized 
gauze filled with the Indian fern — Pendj war Djambi — or with hemostatic 
agaricus (punk) are especially valuable in staying the threatened 
hemorrhage. Absolute rest with low or milk diet is absolutely man- 
datory. Hypodermics of morphin and atropin with aspirin (Nunneley) 
are especially indicated for the rdief of pmn in conjunction with potas- 
sium iodid. Morphin, codein, heroin, dionin are also the best remedies 
for the warning hemoptysis which precedes the fatal rupture. Morphin 
also moderates reflex, spasmodic, and irritative cough. Extensive 
erosions of the vertebral column call for rest in bed or support with 
orthopedic corsets. Intubation is indicated for edema or spasm of the 
glottis; tracheotomy may be necessary from the start, with a long soft 
cannula, to extend if possible beyond the level of the tracheal compression. 
In conclusion, we betieve with Boinet that the best and most opportune 
time to treat the aneurismal condition effectually is in the incipient 
stagffl of dilatation &nd arteriosclerosis, when vascular depressants, 
hygienic care, rest, the iodids, and gelatin will have an opportunity to 
act on comparatively healthy uid resisting tissues, ‘preventing the other- 
wise hopeless development of fully formed aortic aneurisms. 

Sttl^ical Treatment.-r-All external measures, applied directly to 
the aneurism, are included in this eatery. These include: R^frigerth 
tion, eompresaion, acupuncture, jUipuneture, deetropunetvre. These 
methods are only semisurgical or quasimedied as long as they do not 
include the open sections of the tismes in order to approach the 
aneurism directly. The strictly speaking surgical methods, apart 
firom^ the above, are the classio operations, the ligature, in its various : 
applieationB, above and below the sac; the occlusion of the parent:' 
artery by constricting appliaaces; gradual occlusion; Halsted’s 
gradual c6mpressi(m‘ with graded clamps; elastic ligatures; 
compressor; the riidfeal opwations, by incirion of the sac, aneiiil 
^ririm(d;oniy (AntyQ^' operation); extirpation of the sac, aneuriS:>)^ 
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mectomy (Philagrius’ or Purmaiui’s operations), with their later modi- 
fications. 

B^rigeraHoh . — At present ice is applied as a palliative in dimin- 
ishing inflammatory congestion and as an adjunct to other treatment 
in inoperable aneurisms (gelatin treatment), and as a palliative it 
undoubtedly deserves a place in the treatment of this disease. 

Aaeptie acuputtcture (needling), practised by Macewen (lfl90) for 
inoperable aneurism, consists in the introduction of a long needle into 
the aneurismal tumor, where it remains twenty-four horn's, during 
which the needle is moved sufficiently to scratch the intima and produce 
sufficient irritation to induce the formation of white or plate-leuko- 
cyte-fibrin thrombi Ciniselli in 1891 reported 33 cases with 7 deaths; 
favorable cases were reported in addition to those of Macewen, by Weir, 
Emmett (1892), B5guin, B&umler. The method, however, is practically 
abandoned on account of its uncertainty, the ffifficulty of limiting the 
effect of the puncture to the internal surfaces, and the fact that the 
aneurism is already lined with laminated clot. 

Wiring (FUipuncture), Moore‘» MeOutd (1864). — ^Moore inserted and 
left a fine silver thread in a thoracic aneurism in order to induce clot 
formation from it. The length of the iron, steel, or copper wire thus 
employed has sometimes been considerable — ^from 33 to 100 and even 
over 200 feet. Later, silk ligature threads, catgut, horsehair have 
been successfully employed. Abb4 left 100 feet of catgut and 150 
feet of steel wire in an aneurismal sac. Of 34 known cases of thoracic 
and abdominal aneurisms treated by wiring alone, 30 died in the course 
of the year (Boinet, 1907). 

Bacelli and Montenovessi (1877) introduced and left in the aneurism 
a number of fine metal watch-springs, the. total length of which varied 
between 10 to 40 cm. Their first attempts were almost disastrous 
from perforation of the sac and other causes. The springs have been 
gilded in order to avoid oxidation' and breaking, roughened by 
exposing them to the fumes of osmic add, or dipped into hydrochloric 
add or iron perchlorid. Migration of the wires, threads, and watch- 
springs is not infrequent, the stiffer wires finding their way into the 
aorta, even where the aneurism is saccular and provided with a nar- 
row orifice of communication. In several cases the wires found thdr 
way into the left ventride of the heart (Ballance, Parham). 

FUigdvanopmetiure. — The M,oore-Corradi Methods — Coitadi (1879), 
like Moore, introduced into an aneurism 40 cm. of wire, and then con- 
nected the extremity with the podtive pole of a battery, the negative 
bdng applied in the vicinity of the aneurism. He fail^, and so did 
his immeffiate followers. Hunnor (of BaltimqM),, in a careful study 
end compilation of the reported eases treated by this method, up to 
1900, combining the statistics the tboraeio and abdominal cases, 
collected 14 eases in which Moore’s method (d wiring alone bid been 
^opted. Of these 14 cases, 8 wire tborade and 6 abdomini^ 
Twooiflyof the abdominal eases wow ai^atentfy fiired (14 per 
''eeoveries)r With the cbml^zted method 
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23 cases, 17 thoracic and 6 abdominal. Four of these, or 17 per 
cent., recovered, including 3 thoracic (Kosenstein, Stewart, Kem) and 
1 abdominal (Noble). By combining Hunner’s statistics with my 
own, in 1900, 1 was able to collect 41 cases of aortic aneurisms (thoracic 
uid abdominal), treated by wiring and wiring combined with electrol- 
ysis, with a total , of 8 apparent recoveries (2 abdominal and 6 
thoracic), dr 19.20 per cent, recoveries. In 39 per cent, of Hunner’s 
cases there was an apparent amelioration of symptoms and prolon- 
gation of life. “We must not be too sanguine on this improvement, 
for in any given case we cannot prophesy as to the patient’s length of 
da 3 rs or suffering if there be no operative interference.’’ Without con- 
demning the practice of wiring aneurisms as severely as Huchard, I 
must conclude now, as 1 did in 1900, that the uncertainties of this 
method, its dangers from migration of wire, from rupture and perfora- 
tion of the sac, from thrombosis of the main artery and gangrene of 
peripheral parts, embolism from migratory emboli, all contribute to 
(pve this procedure the character of a pure experiment which is justified 
splely by the imminent and unavoidable danger of death from the 
progress of the disease itself. 

Since Corradi introduced the combined method in 1879, great 
improvements in the technic have been made, especially by American 
and British surgeons, who have applied this treatment more often than 
those of other countries. The chief improvements lie in the better 
wire, highly drawn, fine, snarled, silver wire, not to exceed No. 28 
gage (0.0085 inch) in diameter. Gold wire is used by Stewart; silver 
blended with copper alloy (Finney, Hunner), the length not to exceed 10 
feet, allowing a current not to exceed 70 milliamp4res (I have used 
200 milliamp^res without appreciable bad effects). The open method 
of approaching an aneurism and isolating it in the abdominal cavity 
after laparotomy, to facilitate inspection and avoid sepsis during the 
treatment (by packing or coffer-damming the sac) (Parham), by 
suturing the parietal peritoneum to the peritoneal sac (Matas), are also 
improvements in the technic of the abdominal cases. D’Arcy Power 
(1903) improved the technic by utilizing an apparatus devised by 
Q. H. Colt. This consists in a closely packed wire, which is twisted 
through a fine cannula previously introduced into the sac, where it 
expands, thereby insuring a better distribution of the wire network 
and reducing very greatly the time required to insert many inches of 
wire. 

Mediate Gdtwnieation . — Galazzi and Vizzioli applied a positive con- 
stant current of 50 to 60 milliamp^res to the external surface of the : 
aneurismal tumor and a negative p<de to the surroundings. Each session ' 
lasts ^teen minutes, and is repeated every other day. Of twelve small 
aneurisms of the thoracic aorta tinted in this manner, 2 cases were ! 
almqst-clSued, 6 inm imi»oved, 4 remained stationary. Britto (1904) ! 
recommends poc&Hve cutaneous voltuzation for the treatment 
wiettriim.: The advantage of these methods is the rimplicity of th^^' 

' npi^jatkm. They appeid.to us more as jdacebos than as real ieme(ye|i|: 
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Compretaum . — In the preantiseptic period, when all operations 
involved serious risk, mediate or indirect compression was regarded 
as the method of election in the treatment of aneurism. The object of 
pressure is to bring about consolidation of the aneurism by the formation 
of either a laminated or an ordinary coagulum. The methods of 
bringing this about may be conadered under: (1)^ Direct pressure on 
the aneurism; (2) indirect or direct pressure, either on the artery 
above or the artery below, or on both simultaneously. 

Direct pressure over an aneurism limited to its surface is now 
never practised. Efforts to ^ntrol the growth of a thoracic or abdom> 
inal aneurism by compression have proved disastrous, being followed 
by embolism or by rupture into the internal cavities of the body. 

Indirect Pressure.— Compression of the artery above the aneurism 
was first applied in 1784 by Desault, who was likewise the forerunner 
of John Hunter in the ligation of the artery above and at a distance 
from the sac. It was not frequently adopted, however, until 1844, 
when it was brought more prominently to professional attention by 
Dillingham and the Dublin surgeons, and by the great authority of 
Broca in France, who warmly advocated it in 1863. It is applied to 
the artery above, the artery below, or to both at the same time. In 
either case its object is to promote the coagulation of the sac contents. 
Its mode of application may be classified into: (a) Digital pressure; 
(b) instrumental compression; (c) elastic compression; (d) compression 
by flexion. 

Digital compression was first applied as the sole mode of treatment 
by Jonathan Knight (1844), of New Haven, Conn. In France it is 
known as the method of Belmas. Knight’s case was one of popliteal 
aneurism, and a cure was effected in about two days. It is of all the 
bloodless methods of compression the simplest, the best regulated, and 
probably most efficient. Digital pressure cannot be made satisfactorily 
without the aid of a conriderable number of assistants, hence its appli- 
cation is limited to hospital practice. It is usual to employ the assistants 
in pairs, one making pressure while the other feels for pulsation in the 
sac. “The skin should be covered with French chalk at the point 
where the pressure is made, and the assistants should be carefully 
instructed as to the amount of pressure needed and the place where, 
and direction in which, it should be made upon the main trunk. When 
the change is made from one assistant to another, the latter should 
place his finger or thumb upon the artery immediately above or below 
that of the one whom he replaces, and this one should not remove his 
finger until after the artery is didy compressed by the oth^. Either 
or morphin should be used when the patient begins to complain of 
pain’’ (Stimson). 

The conditions most favorable for digital pressure are found over 
the femoral, just below the ^in, where the pubic arch fotmt a solid 
resisting plane. It has been applied almost exclusively for the cure, 
of popliteal aneurisms. Const wt complete compressioni so as totally to 
^nest the pulsation in the SM,'is alone effective. ESach ntting should 



264 


BtTROEBY OF THE VASCULAB SYSTEM. 


last four hours. ‘ It is important to change the point of compression 
on the artery for fear, in arteriosclerotic individuals, of producing 
injury to the skin or secondary aneurisms at the point of compresrion 
(Berger, Annandale). Aside from the inconvenience of applying this 
method except in hospital surroundings, where numerous assistants 
are available, it is idso uncertain in its duration. According to Fischer, 
in 90 cases treated by this method, 72 were completely cured. Of 
these 72 successful cases, 19 were cured in from one to twenty hours, 
sometimes in the first sitting; 7, from twelve to twenty-four hours; 
6, from twenty-four to thirty-six hours. For the remaining 40, ten 
sittings in as many days were required.' According to Delbet, the 
chances of cure diminish progressively after the first ten sittmgs. 
After thirty-six hours the chances of cure become very small, the dan- 
gers of the treatment are greatly increased, and it is best to abandon 
it. Apart from the great inconvenience of its application it predisposes 
to gangrene of the extremities. Especially is this dreaded complication 
liable to occur if the stream of blood in the aneurism is frequently 
interrupted by unsteady application of the digital pressure. In 96 
cases there were 76 recoveries and 8 deaths; 6 of these deaths occurred 
after subsequent ligation, the remaining 2 after amputation. Gangrene 
occurs in 6 per cent. R^very may be expected in only 50 per cent. 

Ingtrumentfd pressure, either proximal or distal to the aneurism, 
may be applied with a variety of instruments which have been invented 
for this purpose. They have been applied chiefiy in the treatment of 
abdomind aortic aneurism. Woirhaye reported 6 recoveries out of 
9 cases operated on; as usual, the unfavorable cases are not reported. 
General anesthesia is indicated, and the compression applied at an equal 
distance from the xiphoid process and the umbilicus, until the pulsa- 
tion disappears in the tumor and in the femoral arteries. It is applic- 
able only in a few especially favorable cases, in thin subjects, and 
when the aneurism is situated very low, near or at the bifurcation. 
Notwithstanding the recovery of the few cases recorded, it is now 
practically abandoned, once it is fraught mth great risk from gangrene 
of the mtestines, embolism and thrombosis of the peripheral arteries, 
rupture of the atheromatous aorta. It is advisable not to compress the 
aorta for more than an hour at a time, if it is resorted to at all. 

Elastic Compression, Reid’s Method (In Italy, ths ReidrClem&nti 
Method ). — ^This method was first applied by W. Rrid, of Plymouth, 
England, in 1876. The object of the method is simultaneously to 
compress the artery above and below the aneurism, thus causing the 
blood contained in both the aneurism and the artery to coagulate. The 
elastic bandage, in cases of popliteal aneurism, in which it has been 
most often used, should be evenly applied from the foot as far as the 
fmeurism, a turn should them be made over the tumor, so as only • 
lightly,.if at all, to compress the sac, and the bandaging then continued . 
firmly half way up. the thigh. The bandage should be kept on for «n/ 
hour to an- hour and a half. The dastic cord should not be used at aU^^; 
On temoving the .bandage, digital or instrumental pressure dionl^; . 
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be kept up on the main artery from thirty-six to forty-eight hours, so 
as to control the circulation and prevent the clot, which is still soft, 
from being washed out of the artery and the sac. The patient should 
be placed under an anesthetic during the application of the bandage, as 
it causes great pain (Walsham). In 1881 Stimson collected 62 cases 
treated by this method. In 52 cases in which Reid’s method was 
applied without modifications, there were 28 cures, 22 failures, and 
2 deaths. Of the cures, 24 were obtained by a single attempt continued 
for about an hour; on the average, the extremes of time varying from 
fifty minutes to three and a half hours. He estimates that Reid’s 
method may be expected to fail in at least 15 per cent, of the cases, a 



1 2 3 4 ' 

Fio. 77. — Vabiovb Matrodb of Ligation. 

1, Hunter’s Ugntion, proximal; 2, Anel's ligation, proximal; 3, Brasdor’s ligation, distal, of trunk; 
4, WMdtDp’i UgiiSOT. of bmn^ of tnink. 

very favorable ertimate, judging by Delbet’s statistics. Reid’s technic 
has been modified by many operators. Gersuny never exceeds half 
an hour at a sitting and multiplies the sittings. This method is known 
as elastic intermittent compression (Petit). Reid’s method enjoyed 
great favor at one time, but it is now seldom practised. Ddbet’s 
statistics (1889) showed 48.2 per cent, cures. It leads to gangrene of 
the limb tmce as often as distal compression (Delbet). 

Flexion, known incorrectly as Harffe tneAod. This' was apparently 
first suggested by Ellsworth (1844) andFleuty, a French suigeoatlfi^)r 
afterward usedbyThierry,Maunoir.(Geneva), and Hart in 1867. Fl^on 
bas been tried successfully in the treatment of popiUteal- aneiuism 
and aneurism of the groin and the elbow. In appiyi^ it^ the pubiatian 
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in the peripheral vessels beyond the aneurism must be arrested. Hexion 
accomplishes a cure in 35.55 per cent, of the cases. It is apparently 
a ample measure, but it is long and painful, averaging fourteen days 
before coagulation can be obtained even in the most favorable cases. 
It leads to prolonged stiffness in the joints, and, what is worse, according 
to Delbet, it leads to the rupture of the sac aght times more often 
than digital or other methods of indirect compression. 

The Ligature . — A ligature is applied to an artery in the cure of aneu- 
rism for the purpose of arresting or retarding the circulation in the 
aneurismal sac and thus favoring its obliteration 
by the rapid or gradual coagulation of* its con- 
tents. To accomplish this object, the ligature 
may be applied to the artery at different 
points in relation to the aneurism. It may be 
applied on the (1) proximal tide, immediately 
above the sac, and is then known as Anel’s 
operation (Fig. 77, 2), after the first surgeon who 
treated aneurism by the ligature in 1710. It 
may be applied at a distance from the sac — ^for 
example, in Hunter’s canal, in treating popliteal 
aneurism — ^when it is known as the Hunterian 
operation, after John Hunter, who ligated the 
artery at this point (Hunter’s canal) December 
12, 1785; Desault had previously ligated the 
femoral for popliteal aneurism at or about the 
same level (immediately below the opening of 
the abductor magnus), June 22, 1785, both 
operators ligating at a distance to avoid the 
supposedly more diseased arteries in the vicinity 
of the sac. Or it may be ligated at a still higher 
point on the same principle in Scarpa’s trian^e 
(Scarpa’s operation), as it was done by A. Scarpa, 
at a much later period (1819). (2) The ligature 
may be applied on the dtstol side very close to the 
tumor; it is then Brasdor’s operation (1798 — 
Fig. 77, 3) ; or to one or two of its main brwches, 
Wardrop’s op^ation (1825— Fig. 77, 4). In the 

aneurisms of the innominate artery, if the ligar 

Fto. 78,— LiaATDiui or laa is applied to the subclavian above it, it 

ASSwwJpSjSISSJi Brasdor’s operation that is performed; 

applied to both the subclavian and the carotid 
after Paru.) ’ of the Same side, it is Wardrop’s operation. 

(3) Immediately above and below the aneurism, 
^thout opening the sac (Pasquin’s operation). If the sac is opened^ 
it is tlte operation of Antyllus. All ligatures applied on the proximal) 
side, when, these are at a distance' from the sac, are usually referred tft ' 
as Himterian opwations. 

The distal' hgature, Brasdor and Wardrop’s method, first suggestei^'' 
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by Brasdor and Desault toward the end of the eighteenth century, 
was first performed by Deschamps in 1798 and by Sir Astley Ciooper. 
In 1825 Wardrop obtained the first success from this method by tying 
the common carotid on the distal ade of a large aneurism. The opera- 
tion is now practicidly restricted to aneurisms of the common carotid, 
subclavian, and innominate, in which the proximal ligature or other 
and more valuable methods of treatment are impracticable. It is 
an uncertain method at best, but since the aseptic epoch the mere 
ligation of arteries as an operative procedure has been made so simple 
and comparatively safe that it is justifiable and is done with the view 
to favonng the deposition of the clot in the sac, if only as a palliative 
method. 

The double ligature above and below the sac without disturbing it; 
without incision of the sac. This method, which has been most fre- 



quently applied to the treatment of arteriovenous aneurism, is not 
applicable with any advantage to ample arterial aneurisms. According 
to Broca, it was applied by Pasquin in 1812 (Fig. 79, 1). It has 
never met with favor as a surgical method, because all that can be 
accomplished by it can be done with grMter advantage by other more 
certain and complete methods. 

The PrgpinuA Ligaiure at a Ditta/fice from ike Sac, or Hwitenan 
TAgaluire.—Tim operetibn was until quite, recently the ’pr^erred method 
of treatii^ aneurisms. The chief , merits riaimed for it aie- (Wals h a m )* . 
(1) That the arteiy at the spot edected for tli» :liga*uie,.m^^^ 
more lil^y to be heaithy).bot«ie also mmw eaidy ded ti^ 
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in dose proximity to the sac, in which latter situation, moreover, its 
anatomic rdatiops are liable to be disturbed by the aneurism; (2) 
that the sac is not interfered with, and hence is less likdy to become 
inflamed and suppurate than by dose ligature to the sac; and (3) 
that, as several branches will probably be given off between the ligature 
and the aneurism, the circulation through the. sac, though lessened, will 
not be completdy arrested, and the dot is, therefore, more likdy to 
have a laminated and hence a permanent character. 

ObjeetioM to, and Disadvantages of, the Hvnterian and other Methods 
of Proxinud Ligation, — Since the advent of the aseptic period, and 
the general adoption of modem methods of ligating arteries, the dis- 
advantages of the Hunterian ligature have become more apparent, 
and the once almost forgotten method of And has' come to take its 
place. The chief objections formerly raised against the ligation of the 
parent artery dose to the sac have been removed, as far as the method 
of ligation is conwmed, and its superiority over other ligatures in favor- 
ing the permanent obliteration of the sac, with much less danger to 
the collateral circulation, has made it preferable whenever the treat- 
ment of aneurisms by proximal ligation is indicated or adopted by the 
surgeon. The disadvantages of the Hunterian ligature may be summed 
up as follows: (1) The liability to gangrene of the limb is increased by 
(a) the interposition of two otetacles to the path of the blood from the 
cardiac side to the penphery; first, at the seat of the ligature, and, 
secondly, at the site of the aneurism, which is totally or partially blocked 
by dots after the ligation; (6) by putting out of function a large number 
of important and often essentid collateral branches ^ven off from the 
main trunk between the ligature and the aneurism; in some cases the 
track of the artery becoming obstructed by a thrombus for a great part 
of its length after the ligation; (c) in consequence the blood has to pass 
through two sets of collaterals before it can reach the part beyond the 
sac; (d) the risk of gangrene, therefore, increases in direct ratio with 
the (Stance interpo^ between the sac and the ligature; (e) the risk 
of obstruction of the distal end of the artery beyond the sac by emboli 
or propagated thrombi is greatest in the Hunterian ligature, which aims 
at the gradual and not immediate suppression of the circulation in the * 
sac, the minor drculation in the sac resulting from previous col- 
laterals' whidi en^>ty into the main trunk above the sac, favoring the 
increased depodtion of active dot, and also breaking up the new soft 
and past^ye dot formed temporarily by the ligation of the main trunk. 

(2) The reestablishment of the collateral drculation after ligation at a ; 
distance may carry more blood into the main artery (between the liga- 
ture and the sac), and thus lead to relapse. (3) There is no advantage iii . 
ligating the artery at a distance, because (a) the simple aseptic ligature 
strengthens the artery at the seat of ligation, and there is no secondary 
hemorrl)age whm there is no suppuration; (6) it has been shown that' a' 
the artOTies are of^ quite healthy immediatdy above the aneqrisiiio;^ 
(eq>ed^y in trauinatio cases); and (c) it has bera also shown that^^r 
jvt^osderotic artmes undergoing gradual obstructive changes are ast^l^ 
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readily closed by aseptic ligatures as the healthy ones. (4) The ligature 
at a distance, by allowing the persistence of a modified (lessened) 
circulation in the sac, favors the further deposition of fibrin, and thereby 
the sac remains larger than when the immediate proximal ligature 
(Anel) is applied, because this shuts off the circulation at once and 
^ows draining of its fluid contents, also allowing the old laminated 
clot to remain; thus, the volume and size of the sac is less, and the 
tendency of the passive dot to break up is also lessened. (5) The 
danger of infecting the sac by the manipulations required to ligate 
the artery at its termination in the sac is not to be considered in aseptic 
operations. 



Fio. so.— 1 , 


how peiiphezBl 


• of oloto (emboli) are detaolied from the aneunemal eavity and block up the c 
bifuraation. In popliteal aneurism the anterior and posterior tibial may be thus 
fcaneouB^ with fatal eflFeots; 2, after the Hunterian luBtion especially, the openmjp 


occur after a proxiii^ 1 


ita^ 

ant coUateiatai may b^lStmated'^lh^bi 'orom&UT^ ^ ^ 

the aneuiinn. A third mode of interfering wl^ tiie eoUaUral supply is ^own te 2. The onflM n 
the collaterals i^de of the sac and the vesaels themselveB may be plun*d by extension of the 
thirosdbotie process }nto their lumina. 


Therefore it is evident that {sroximal ligation as near the sac as 
possible is to be regarded as the preferred method of ligation. Instead 
of li gating at Scarpa's triangle or Hunter's canal for popliteal aneur* 
ism, the Ugation should be made in the popliteal space. Veneration 
for Hunter’s memory, its simplicity, and the traditional regard for 
authority,, gave the Huntisrian ligature the. first rank, not on^ in 
prefermoe to the And method, but to all methods of treating andiraunsy 
long after its rdative inferionliy as a method .. of trea^ig snoqiinn . 
had been iastabfished. It is only the indiqiutdde -evidence, 
success of other methods obtamed si&ee the. asejptic psdod tl^^ 
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led to its very gradual and reluctant displacement in surgical esteem 
in En^h-speaking countries. However, the introduction of the 
proximal ligature for the cure of aneurism was an immense stride 
forward in the treatment of aneurism. 

We have already noted the fact that digital compression, the 
best of the indirect and bloodless methods of compression, yielded 
only 50 per cent, of cures. Now Delbet, who, as the chief advo> 
cate of extirpation, has most assiduously scanned the statistics of liga- 
tion with the superiority of extirpation in view, admits that the 
ligature in the modem period accomplishes an apparent cure of the 
aneurism in all but 5 per cent, of the cases, the failures being due to 
gangrene or relapse. As to the mortality, which was very high in the 
pre-antiseptic period, it has remarkably changed for the better with 
the modern period. In 1874 Holmes’ statistics gave 13 deaths in 
87 cases of popliteal aneurism treated by the ligature, a mortality of 
nearly 15 per cent., say one in seven (Stimson). In 18^ Delbet found 
the mortcdity to be 18.94 per cent., while in 1805 it had been reduced 
to only 8.35 per cent. Gangrene, however, still remains a serious 
objection to aU methods of ligation. Delbet’s statistics give a propor- 
tion of 7.58 per cent, in 18^ and 8.25 per cent, in 1895. Aseptic 
methods, while greatly reducing the mortality, have exercised very 
little if any influence upon the occurrence of gangrene. The reason 
for the persistence of this disastrous complication in spite of the aseptic 
technic is well expressed by Delbet, who first pointed out that gangrene 
is not due simply to the insufficiency of peripheral circulation, but 
to the frequent displacement of dots (ebolic) from the sac into the 
distal portion of the artery and its branches after the sudden arrest of 
the circulation. 

Gangrene is, therefore, the chief objection to any method of ligation 
on the proximal side, though less likely to occur in the And than in 
the Hunterian operation. This is most apparent in the treatment of 
popliteal aneurisms in which (42 cases) there were 87.50 per cent, of 
recoveries and 12.95 per cent, of failures. Of the recoveries, 8 were 
imperfectly cured (persistent tumor, functional disability, etc.), 10.50 
per cent, had gangrene of the toes, and 3 out of the 5 failures had 
gangrene requiring amputation of the leg. In addition, 4.60 per cent, 
of the cases of ligation rdapsed and other methods of treatment had 
to be resorted to. 

The sac, which remtuns full and indurated after the ligation, usually 
contracts after it has been filled with dot. The bulk of the dot is 
removed by absorption, d^neration, and phagocytosis, leaving a 
small reddue to organise and remain as a pseudomembranous formation. 
Not infrequmitly the laminated dot remains in bulk, undergoing organi- 
sation, acting M a forei^ body interfering with the venous and lym- 
phatic dsculatioh, as sboi^ by a perdstent edema. Sometimes it 
•becomes infectedj .suppurCtes, and ruptures. After apparent con^:^ 
solidation, a period of li^ey sometinms lasing seven years (Hawkins)/ ^ 
tm yeihs (Smyth), fifteen years (Cooper), the sac becomes actiys'i 
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again, requiring other operations to control it. Sometimes a new 
aneurism follows at the seat of the ligature. In 1896, Delbet gathered 
6 cases of thb kind, and I have added fully 8 from the recent litera- 
ture. (See . Influence of Traumatism in Pathogenesis.) When the 
sac remains undisturbed the adherent and overstretched nerves con- 
tinue to undergo nutritive changes, a sclerogenic interstitial pressure- 
neuritis, which are initiated during the life of the aneurism. In this 
way neuralgias, trophic ulcers, paresthesias, motor disturbances in the 
peripheral part, continue to remain unrelieved after the operation. 
From what has been said it is evident that, while the methods of ligation 
for the cure of aneurism have rendered great service in the cure of 
this disease, there are serious defects and dangers inherent to aU 
methods which leave the sac undisturbed and flUed with dot — objec- 
tions which remtun. To avoid these and still further improve the 
results, especially as regards the ineidence of peripheral gangrene, is 
the aim of modern surgery, and it is in this direction that the greatest 
advances have been made and are now in process of development. 

Partial occlusion and gradual obliteration of arteries was discussed 
by L. Porta (1800-1875) about the middle of the last century, and 
gradual occlusion by instruments carrying a snare or by instrumental 
compression immediately or mediately, by elastic ligature, or by a 
series of gradually contracting ligatures, has been 
repeatedly tried and advocated in the treatment 
of aneurisms in which it was feared that the im- 
mediate occlusion of the artery by ligature might 
lead to ulceration and secondary hemorrhage or 
to gangrene. 

As an advanced step in this direction, Halsted, 
of Baltimore, has evolved the valuable method of 
gradual occlusion of the large arteries with metal 
bands (Fig. 81), He prefers an aluminum metal 
band, the width of one-third or one-half of the 
lumen of the vessel to be obliterated; the thickness 
of the bands is from 29 to 36 sheet-metal gage. 

The band is rolled around the artery with a special 
instrument and the final tightening of the band is 
accomplished with the fingera. The procedure has 
been tried in over 100 dogs, chiefly on the ab- 
dominal aorta. One dog has survived a complete 
occlusion of the thoracic aorta brought about 
gradually. When there is complete occluaon of 
the aorta, and even when not quite complete, para- 
plegia is observed, and in the smaller dogs soon 
was follow;^ by death. In the survivors, the ocournowWiMi Mi- 
paralysis diminished greatly in three to t«i days. 

The paraiflegia is assomted with a rapid deporition of ^radutal fat in 
the siHnid canal, sometimes compressing the cord (Cfllman). The 
of oeelumon on the arterijtl pressure idbove the band wiS not stuided 
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instrumentally by kymo^aphic tracings, but it is estimated that the 
pressure below the band is ^minished in proportion to the amount of 
occlumon. Partial occluding bands produced, as a rule, no visible 
changes in the arterial walls, even after seven or eight months. Under 
completely occluding bands the wall usually atrophies, to the extent, 
sometimes, of complete absorption of the aortic wall. Hemorrhage in 
such cases has been prevented by the formation of enveloping con- 
nective tissue. The dangers to be apprehended by this method — 
pressure atrophy, with ulceration and hemorrhage above the band, 
embolism or thrombosis — do not figure to an appreciable extent in 
the experimental mortality. Only one dog died in the entire series 
of experiments from hemorrhage caused by pressure ulceration above 
the ring. Complete thrombosis has never been observed. When the 
lumen is almost or quite occluded, complete occlusion may result spon- 
taneously, with the conversion of the arterial wall embraced by the 
band into a solid cylinder of living tissue. 

Practical applications of this method, as stated by Halsted and 
his assistant. Sowers, are: (1) In cases of aneurism where ligation 
is attended with danger of gangrene. (2) In the case of ligature of 
the common or internal carotid, the occlusion may be produced grad- 
ually; and subsequently, should cerebral symptoms develop, the band 
may be removed. (3) In aortic aneurisms, partial and progressive 
occlusion of the aorta can be obtained by this method. (4) The band 
is possibly safer than the ligature for calcareous arteries. The bands 
have been applied to human subjects as follows: Thoracic aorta; 
the carotids, five times, to starve inoperable malignant disease; once 
on the innominate, for aneurism; once on the femoral, for popliteal 
aneurism; in all with apparently satisfactory results as far as the 
partial occlusion of the artery is concerned. 
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The Radical Operations. 

(I) Aneurismotomy (the Antyllian operation). 

(II) Aneurismeetomy (the operation of Philagrius and of Punnann). 

(UI) Endoaneurismorrhaphy and aneurismoplasty. 

(IV) Aneurismeetomy with (a) associated arteriorrhaphy; (h) asso> 
dated angeioplasty (arterial and venous transplantations). 

All these methods have several features in common; that is, th^ 
attack the aneurism directly; they limit the interruption of the circu- 
lation in the parent artery to the extent of the aneurismal area only 
when the main arterial channel cannot be restored; they all relieve 
the tension in the peii-aneurismal tissues by empt 3 ring the sac or by 
removing it with its contents. In these three important and funda- 
mental particulars they are aU superior to the methods of treatment 
previoudy described. 

The two fundamental operations, aneurismotomy and aneurismeetomy, are 
almost as old as the history d medicine, at least as old as the Christian era, and 
have been revived in actual practice only by the advance and accomplishments 
of the Listerian period; the other two operations, as fundamental procedures (endo- 
aneurismorrhaphy, aneurismoplasty, and aneurismeetomy with angMoplasty),,have 
come into existence only in the last decade, and have been made possible solely by 
the conditions and progress of contemporaiy surgery. 

For full and interesting information on the history of those procedures, see Broca, 
TraiM dee Anevrysmes, Paris, 1856; and A. Koehler, Beit. a. Geschichte der Extir- 
patio Aneurysmatis, Arch. f. klin. Chir., Bd. Ixxxi., 1906. 

Aneuriomotoiny. — ^The operation of Antyllus (Fig. 79, 2), as 
performed in the modem period, consists essentially in opening the 
aneurisnial sac after securing the parent artery with ligatures above 
and below the sac; the operation is performed in the extremities with 
the protection of the Esmarch or other constrictor. The clot is evac- 
uated and the constrictor or tourniquet is removed. If bleeding occurs 
in the sac from the mouths of the collaterals which open into its interior 
they are sought for and ligated otUaide of the sac. A probe or catheter, 
introduced from within the sac, is used, when possible, as a guide 
to secure the vessel outside of the sac (Annandale). After the hemor- 
rhage has been arrested the sac is packed with aseptic gauze and allowed 
to heal by granulation. As described by Oribasius, the operation 
performed by Antyllus was always preceded by a dissection of the sac 
and a search for the afferent and, efferent trunks, which were secured 
both above and below the sac before this was iniased; after the intro- 
duction of the tourniquet the sac was often evacuated by free inciaon, 
the main vessel being secured after the aneurism had been emptied. 
Syme, in 1867, revived and modified the {urocedure, while operating 
upon carotid and subclavian aneurisms, in which the centrid end of 
tl^ main artery was difiicult to secure for prophylactic hemcitaris, by 
making a smidl incision directly into the sac, just large enough to 
admit the index-finger. With the finger he searched the interior of ^ 
sac and located the afferent opening^ fugged, it with the fingers, and 
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then dissected the sac and ligated the main artery. While he \ras 
successful, few surgeons imitated his boldness, as the penalty paid 
for such temerity by the profuse and almost uncontrollable hemor- 
rhage which followed from the distal end and from the collaterals 
was too great to justify it. Since the advent of asepsis the Antyllian 
operation has been performed more frequently, but the manifold 
objections to the procedure as classically perform^ led to its abandon- 
ment for the ligature and subsequently for the method of extirpation. 

The Mikidicz operation, a modification of the Antyllian operation, 
was performed by von Mikulica- several times with success. Its chief 
object is to evacuate the contents of the sac, after the arrest of the 
circulation and consolidation of the sac have been obtained by liga- 
ture. The operation is divided into two stages: First, a ligature is 
applied to the main vessel on the Hunterian or Anel plan. After a 
variable time, when the arrest of the circulation in the sac has been 



confirmed, the sac is opened by an incision not larger than is abso- 
lutely required for the evacuation of the coagula or by means of a 
puncture with a large trocar. This operation has no advantages 
over the proximal ligation or any of tte radical operations, and is 
attended with greater risk than any of these, both from the possi- 
bility of . secondary hemorrhage in the second stage and in not 
obviating the risk of gangrene. It has nothing to recommend it, 
in spite of the advocacy of Hoffman, except the prestige of the dis- 
tinguished surgeon who first perform^ it. 

Aneurikinectomy, Extirpation ; Philagrius* or Putmann’s 
Operation. — To overcome the objections which have been urged 
against the Antylhan method, the old operation of aneurismectomyi 
bow clinicalliit as: the opei^ation of Philagrius or Purmann (who re- - 
invented it in 16^), has been reintroduc^. This operation, thanb;^ 
to the efforts of Tr41at and Polosson (1885), has become the accepted^ 
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Operation of election on the continent of Europe. In England and 
Engliah-speaking countries it has only recently found favor and with 
comparatively few surgeons, the Hunterian ligature still holding the 
first rank. 

ExtirpatiUm is performed as /Mows: Prophylactic hemostasis must 
be obtained in the extremities by circular constriction at the root of 
the limbs; in the neck and other parts of the body, where circular 
constriction is impracticable, the main circulation of the aneurism 
must be controlled by a preliminary exposure of the afferent and 
efferent vessels, jn order to guard against hemorrhage. In doing this, 
the vessel must to compressed as near the aneurism as possible; other- 
wise, very fierce hemorrhage may occur from branches given off be- 
tween the ligature and the sac. Instead of ligatures, the vessel 
may be controlled by applying forceps or clamps (such as Crile's, 
Alleghiani’s, Billroth’s, Hoepfner’s, or my own), which obliterate the 
lumen without damaging the intima (Fig. 82). 

This preliminary control of the main vessel is absolutely necessary, if only to 
minimize the loss of blood on opening the sac, as in the vast majority of active 
aneurisms, especially those of the neck or at the root of limbs, numerous branches 
open into the sac, which invariably bleed vigorously and violently, even after the 
parent trunk has been well controlled on both sides of the sac. Thiel, for instance, 
in extirpating a recent aneurism of the femoral, in addition to ligating the exter- 
nal iliac artery above and the femoral artery above and below, had to ligate 
the external circumflex iliac, epigastric, profunda femoris, and also the vein accom- 
panying the latter. In view of the difficulty of identifying the satellite vein when 
collapsed and embedded in the aneuiismal sac, it may be advantageous to adopt 
Koehler’s suggestion, with the aim of bringing the vein prominently into view if 
it is at all permeable. In popliteal aneurisms, for example, he applies a circular 
clastic constrictor below the aneurism (peripherad), about the level of the calf. 
The Esmarch bandage is then applied from this level up to the middle of the thigh, 
where the regular constriction is applied. After the removal of the Esmarch, com- 
plete ischemia is obtained throughout the seat of operation, leaving a reserve venous 
accumulation beyond the line of the first constrictor, which has been allowed to 
remain during the operation. If after exposing the sac there should be difficulty 
in deciding whether the vein has been obliterated or not, the lower (venous) con- 
strictor is removed and the vein is allowed to fill up, thus showing where the vein 
is and whether it is permeable or not. 

Koehler’s expedient can be applied by leaving a circular elastic bandage at the 
desired level, the ischemia of the limb above it being obtained by elevation, gravity, 
and circ^ar constriction. Ischemia without the Esmarch bandage should be pre- 
ferred in all cases, but especially in the aged or markedly arteriosclerotic subjects. 

A free incision is now made over the tumor down to the aponeurosis, 
when the dissection must proceed cautiously with a view to avoiding 
injury to the nerves and the veins, which are usually displaced and flat- 
tened out on the surface of the tumor. After the important nerves have 
been identified, the sac is detached from its surroundings by dr^ gauze 
dissection, unless the satellite vdn is intimately adherent to ^e sac. 
Instead of enucleating or dissecting out the vein, it is safer to leave be^ 
liind the part of the sac attached to it (Sonnenburg). All eoUateral ves- 
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sels entering the sac (sometimes very large and numerous) are exposed as 
the tumor is brought into view, and each one of these is ligated. . It is 
best to preserve the sac without opening it until it has been entirely 
freed from its surroundings, removing it in this way like a cyst. Rup- 
ture and spilling of the contents usually occur in consequence of 
preexisting rupture or extreme thinness and adhesion of the sac at 
various points. Whenever the sac is found attached to important 
structures, the attached part of the sac should be allowed to remain. 
If the vein is accidentally injured, as is often the case, the rent should 
be closed with the finest silk or, if already obliteraljed, it may have 
to be extirpated. The extirpatioB or occlusion of the main vein is not 
to be regarded with indifference, as Kopfstein and his followers would 
lead us to believe. ^ I believe that the preservation of the vein* 
under these circumstimces is a matter of decided importance to the 
vitality of the limb, and its sacrifice when unavoidable must always 
be a source of anxiety and apprehenrion. Finally, after the com- 
plete enucleation of the sac or, at least, as much of it as can be re- 
moved without injury to important parts, the artery is ligated at 
each pole and the tumor excised. After the removd of the constrictor 
all bleeding points should be ligated, so as to leave an absolutely 
dry wound. Otherwise a hematoma may form, requiring reopening 
of the wound. 

It is important, for the same reason, or on account of previous 
infection requiring drainage, that no tight packs or tampons be 
employed, as the collateral circulation must not be interfered with 
by pressure of any kind. If possible, the wound should be closed 
without drainage. The deep wound is approximated with interrupted 
buried catgut sutures, the skin and overlying flaps with interrupted 
sutures. It is understood that the most rigwous asepsis must be 
maintained if primary union is to be obtained after extirpation, 
especially of extensive aneurisms. The manipulations and traumatism 
inflicted in dealing with old and irregular sacs in the femoral, axillary, 
or subclavian regions are sometimes very great even in the mort 
skilful hands, especially in arteriosclm’otic subjects. The dangers of 
infection and gangrene can only be avoided by the strictest modem 
aseptic technic. 

PbatoperaHve Treofmenf.— Although it is evident that postopera- 
tive gangrene, occurring as the residt of insufficient vascular supply, 
can hardly be prevented by the after -treatment, be it ever so adequate, 
it still must be our endeavor to protect the extremity from circulatory 
disturbances by every available means at the operator's command, 
es^dially during the critical days following the operation. A cold 
sldn and protracted postoperative cutaneous anesthesia are of evff 
omen, wd may be the precursor of gangrene in two forms: (1) To^ 
massive' necrosis, starting at the digits and progressing centripetal 
up to the^ level of the block in the artery; or (2) necrosis in patche^ 
involving the skin or underlying parts for a considerable depth, 
maUy at pressure ^ints— hed, malleoli, etc. To avoid pressure^ecarowii - 
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copious dressmgB vrith non-absorbent cotton should be wrapped from 
the digits to the trunk, especially at pressure points, and the position 
of the limb should be changed at frequent intervals. Efforts to increase 
the arterial tension by drugs (digalen) when this is below normal, or 
by the infusion of physdologic sdt solution by hypodermoclysis (6 to 
12 pints daily, von Frisch), is indicated in order to favor the develop- 
ment of the collateral circulation; also artificial heat applied to t^ 
entire extremity and moderate elevation of the limb (to favor venous 
drainage). In cases in which the circulation does not return in the 
foot after two hours, the extremity remaining pallid and cold, the 
application of active hyperemia by Bier’s hot-air apparatus or his 
suction apparatus may prove valuable, as von Frisch has suggested. 

Permanent Effects. — ^The comparatively favorable results of extirpa- 
tion, as far as the recovery of the patient and cure of the aneurism are 
concerned, are offset to a serious extent by the functional disability 
and local disturbances which persist long f^ter the wound has healed 
and the patient has recovered from this operation. Even after 
apparently perfect recoveries, the extrmnity remains weak and shows 
little resistance to trauma^m or. exposure. ^These local disturb- 
ances, apart from actual gangrene, may be summed up as anes- 
thesias, paresthesias, local hypothermia, edema, pain, and tropho- 
neurotic disturbances, serious disorders of motility, which interfere 
with proper locomotion. These effects are not altogetW due to tropho- 
neurotic disturbances, as Delbet and Kopfstein contend, but to the 
insufficient reestablishment of the collateral circulation, especially in 
old or arteriosclerotic subjects. To improve the nutrition of the limb 
and encourage the development of the circulation, hot-water baths, 
followed by gentle surface massage (effleurage), should begin early, — 
as early as the third week (von Frimh), — and should be kept up regularly 
for weeks and months. With the hot baths and massage should be 
combined active and passive movements of the joints, which remain 
stiff and often ankylosed. No effort should be made to use the limb 
in walking until the drculation is well established, and then only 
tentative exercises should be allowed. It is evident that a large number 
of cases reported cured after extirpation are only imperfectly cured, 
and remain unwell, with long-persisting functional disabilities. 

Extirpation Compared mth the Ligature and Other Afetiiods.— Con- 
trary to what is usually believed, the statistical results of extirpation, 
as far as the recovery of the patient and the limb is concerned, are 
loss serious than the effects of the simple ligature, especially the Hun- 
terian ligature. Delbet found in 1888 that the mortality of extir- 
pation was 11.32 per cent., while that of the ligature was 18.94 per 
cent. In 1896 he made a new statistical compilation of 86 ci^ 
nf extirpation without a death, and 8.33 per cent, of operative deaths 
nfter the ligature. As to gangrepe, we tod from Ddlbet’s statistics 
that the Ugaturp has been followed by gangrene in 7.66 per i^t. of the 
crises from 1888-1896; 8.26 per cent, gangiwne after extiiT'i^ to 
jS88, 2.94 pw cent.; 1888-1896^ 2.77 per cent* 
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If we compare this with the other operative methods as applied in 
the popliteal region (always a reliable basis for comparison), we find 
that the Hunterian ligature, 42 cases, gave 87.05 per cent, recoveries; 
12.05 per cent, failures. Of the recoveries, 8 were imperfectly cured; 
10.50 per cent, of these had gangrene of the toes, 3 of the failures 
from gangrene requiring amputation of the leg. 

Rdapsea in Popliteal Cases . — According to Delbet, 4.50 per cent, 
of the ligated cases relapsed and other methods had to be resorted to. 
In 15 per cent, of the eases the operation failed to ^ve complete relief, 
because of the persistence of the tumor, though not pulsating. Radical 
operation, same period, 32 cases. Extirpation (Philagrius), 19; incision 
and pack; 13. Results, no deaths; cure of aneurism in all. 

Pinal Results . — In 10.40 per cent, of the cases of extirpation, 
superficial gangrene of the foot in patches, not requiring amputation, 
developed. In 8.33 per cent, of the cases operated by Antyllus* method 
gangrene followed, requiring amputation. While these statistics, as 
far as they go, clearly confirm the clinical a priori conclusion that either 
the ample incision of the sac or extirpation are safer for life and limb 
than the ligature, there still remmn a very serious proportion of cases in 
which gangrene does occur, In 12 extirpations (8 popliteal, 3 femoral, 1 
temporal, von Frisch) there were 5 gangrenes (41.6 per cent.), one of 
which compelled amputation of the leg, and another, a Lisfranc ampih 
tation of the foot (11.5 per cent.). According to Walsham (35 cases^, 
gangrene, superficial and deep, follows in 10.3 per cent., which har- 
monises remarkably well with Delbet’s and von Frisch’s experience. 
Very optimistically, Werner estimates the occurrence of gangrene after 
extirpation at 5.71 per cent. It is evident, therefore, that notwith- 
standing the enthusiasm of Delbet and his followers for this operation, 
the ide^y safe operation has not been reached in extirpation. 

Endo-aneurismorrhaphy (from the Greek endo, within; aneu- 
rysma, aneurism; rhaphe, suture). — ^The method of intrasaccular su- 
ture is referred to in the literatiue as the “Matas operation.” This 
procedure I first applied on March 30, 1888, while operating upon a 
traumatic brachial aneurism which had resisted proximal and distal 
ligature. It was subsequently systematized as a method and carried 
out also in other cases of popliteal and femoral aneurisms which were 
repoHed to the American Surgical Association in 1602. In this paper 
the application of the intrasaccular method is. divided into three 
type8,vto be applied according to special classes of cases: (1) Oblitenr- 
Hve endo-aneurismorrhaphy. (2) Restorative endo-aneuiismorrhaphy. 
(3) Reeonstruriive endo-aneurismorrhaphy or aneurismoplasty. 

The intrasaocular method of suture, as the name imidies, presupposes the 
istenoe of a complete or psrU^ly formed sac. In recent traumatic or false ai^ 
riama^lMilaatiQg hematomaa), too recent for the formation ot an adventitious M 
the wounded veaaeb are recognised at the bottom of a raw, ill-defined, Uood-fltfil 
spim, without endothelial lining. In these ccmditions the wounded artery dMS' 
be sutured by lateral or circular arterionhapby, though this k not alwqra pdairfi#t> 
,1>ut ehould it be, such a jmcedure should be elaeoed as a aimide artecioitliji^lfl 
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OB tbe fonner tenn (ameurismotifaaphy) implies that the suture has been carried 
through the sao-valls. Indeed, as elsewhere explained, there is a great difference 
between the delicate technic of arterial suture and that required to dose arterial 
orifices in the sac of an aneurism or to restore the caliber at an artery opening into 
a wdl-formed sac. ' In this case it is much easier to dose the gap by suturing the 
thick walls of the sac which lines the orifice of communication, etc., tlum to close an 
arterial wound without obliterating its lumen. 

This difference between aneurimarrhaphy and arteriorrhajAy should not be 
overlooked in the discusdon of the treatment of aneurism by suture methods. 

The principles involved in this method are: (1) The aneurismal sac 
is to be regarded as a serous space. It is lined, in fully formed sacs, by 
an endothelial membrane of new formation, identical with the intima 
of the parent artery, from which it is derived by proliferation from its 
margins, and possibly also from the vasa vasorum; that as an extension 
of the vascular endothelium the intima of the sac, like other serous 
sacs, is possessed of the plastic regenerative qurdities of the vascular and 
serous endothelia; that the sac is to be compared surgically to the intima 
of the blood-vessels, to the peritoneum, etc., and that as such it is not 
an inert membrane, to be regarded as a foreign and harmful body, as 
heretofore, but as a living and sensitive membrane capable of progres- 
sive, proliferative, and involutionary changes, which it will display — 
if not detached from its vascular connections. If the internal surfaces 
of the sac be brought together by suture, they will unite promptly 
and adhere.by primary plastic union, like the serous surfaces of the 
peritoneum. Therefore, the arterial orifices in the sac will be readily 
obliterated by suture, hemostasis will be secured, and the sac cavity 
closed and excluded from the circulation. By leaving the sac undis- 
turbed from its surroundings its nutrition will be preserved, no necrosis 
of the membrane will follow, and the sac will not act as a foreign body. 

(2) That the disturbances and injury of the collateral vessels 
emanating from the sac and those lying in the immediate vicinity of 
the sac will be guarded against by intrasaccular suture as by no 
other method, and thus the liability to gangrene be diminished. 

(3) That (a) if the parent artery is obliterated strictly within the 
internal boundaries of the sac by the intrasaccular suture of its orifices, 
and the intra-aneurismal orifices of the collateral vessels emanating 
from the sac are also closed by intrasaccular suture, the interruption 
in the continuity of the main channel as well as in the collaterals will be 
reduced to the strictest possible minimum; (6) in proper cases (sacci- 
form aneurisms) the sac may be obliterated completely without inter- 
rupting the dreulation in the main artery; (c) in certam cases (fusiform 
A'leurisms) the parent artery may be reconstructed by creating a new 
hiood-channel. out of the sac-wall. 

(4) That the coUapm of the sac following a thorough temoviU of 
s'l detachable clot relieves hot only the intra-aneuriun^ tHision,'1>ut 
&‘so that of the peri-^aneurismal tissues (n^es, arforias, veins), 
a id (dvss the b^ possible opp^muty for. recovoy from . jMnesstira 
c o'cets, without the damage inflicted by the itraumil^ ' i^ 
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(5) That the satellite vein, which is so frequently injured in extir- 
pation, is spared when the intrasaccular operation is properly per- 
formed. 

(6) That the sac can be obliterated and folded upon itself,. so that 
primary union may be obtained and the wound closed without drainage, 
thus favoring a speedy convalescence, and obviating the long-pro- 
tracted healing by granulation which was so objectionable in the old 
Antyllus operation. With these preliminary data in mind, the three 
different types of the intrasaccular method will be better understood: 

(I) Obliterative endo-aneun< 
ismorrhaphy (the fundamental pro- 
cedure) consists essentially in open- 
ing the sac freely without disturbing 
it from its surroundings, by pre- 
liminary dissection, and closing all 
visible orifices within the sac with 
fine chromic gut or silk sutiu^s, 
thus securing complete hemostasis 
and permanently stopping all fur- 
ther access of blood into the aneur- 
ismal cavity. The sac is obliter- 
ated in ' various ways, as will be 
explained, by approximating its 
walls with buried catgut sutures 
and closing the wound with or with- 
out drainage, according to the usual 
surgical indications. The distinc- 
tive feature of the procedure is that 
the continuity of the parent vessel 
is only interrupted for a length cor- 
responding to the interval which 
separates the inlet and outlet of the aneurism as seen within the sac 
(Pig. 83). 

The application of the obliterative procedure is indicated in: All 
aneurisms in which the sac is of the fusiform type, as defined in this 
article, and not as classically described — i. e., in those aneurisms in 
which the parent artery is entirely lost at the site of the aneurism by 
expanding into the aneurismal sac throughout its circumference; 
also those in which the friability or diseased state of the sac-walls is 
such as to preclude all possible use as plastic material (atheroma, 
calcareous degeneration). In these cases there are always two orifices 
within the sac separated by variable intervals, and there is no visible 
outline of the mun artery in the interior of the sac. Except in unusual 
conditions no attempt is made to restore the continuity of the 
parent artery; the blood-stream is interrupted in that part of the vessel 
vdiich direcUy opens into the sac, and the arterial orifices are siniidy 
closed by. suture, thus shutting off the sac cavity from all vutibto 
sources of blood supply. 



Etg. 83. — Oblitbrativb Endo-anbubumobt- 

KHAPHT, (MBtBB.) 

8howini| the orifioes in the aneurismal eao 
in process of oblitemtion by suture when the 
restoiation or reconstruction of the arterial 
channel is impracticabie. The process of ob- 
litemtion can be effected more quickly and 
thorougldy by the continued suture. 
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(II) Restorative Endo-aneurismorrhaphy.— This variation in the 
procedure is solely applicable to aneurisms of the sacciform type, in 
which the parent trunk retains its continuity and normal outline, and 
the aneurism is a sac simply grafted upon the vessel. By opening the 
sac freely and washing out all detachable clot, the opening leading to 
the' artery is exposed inside of the aneurism, and is readily closed by a 
continuous suture which penetrates through all the coats of the sac at 
the margins of the orifice of communication. By this procedure the 
blood-supply of the sac is permanently arrested, the lumen of the parent 
artery remains patulous, and the arterial stream supplying the limb 
or dependent territory is immediately restored through its normal 
channel. The sac is then obliterated by bringing its endothelial surfaces 



Fia. 84.— Rwvtorativs Endo-aniiuribmorrhafht. (Matas.) 


Applied to sacoulated aneurisms with a single orifice of oommunioation: A, Showing the pro- 
cess of obliteration of the orifice in the aneurismal sac without closing the lumen of the parent 
artery; B, the obliteration of the orifice completed. 


together by infolding, or direct apposition with buried sutures, and the 
surface wound is closed in the usual manner. 

This method is, indicated, and should be applied as an obligate 
procedure in all sacciform aneurisms, as defined in this article, not only 
in those in which there is a single orifice of communication leading to 
the main vessel, but where there is a well-defined and deep furrow or 
gutter leading from the inlet to the outlet of the sac. This deep groove 
)r fissure furnishes the outline of the parent artery, which is easily 
r estored without obliterating the main channel (Fig. 84). 

(Ill) Reconstructive EndD^anettrismorrhapliy (aneurismoplasty) is 
applicable solely to aneurisms of the fusiform type in which the walls 
>^f the sac are firm, dastic, and resistant; where the two openings leading 
to the main artery lie on the same level, in close proximity, and are 
^ttuated at the bottom of a. superficial or readily accessible sac. In 
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aneurisms of this type, especially those of traumatic origin, the con- 
tinuity of the parent artery may be restored by making a new channel 
out of the sac-walls, which can be brought together by suture over a 
guide (catheter or drainage-tube) inserted into the proximal and distal 
openings of the aneurism. Before tying the last (middle) suture the 
guide is removed and the channel is left behind, corresponding to the 
outline of the original artery (Fig. 85). The sac is then obliterated 
by approximating its surfaces with fine buried chromic catgut sutures, 
as applied in the first and second procedures. The special indications 
for this type of the intrasaccular operation are still under consideration, 
and will be better defined in future after a larger experience has accumu- 
lated. In 1902, when my experience with the method was limited to 
4 femoral cases, I felt that there were probably numerous cases of 
aneurism of the lower extremitioa, with edematous cyanotic and 



Fio. Rbcohbtructitb Endo-ansubxuiobbbapht. (IfRtU.) 

. A, ShoiFinff the method of closing the orifloes snd of ooDstrueting a new arterial ohannd in a 
fusiform aneurism; B, removal of the guide. The same principle may be carried oat more effeetiyely . 
with a continued suture. 

choked limbs, or marked arteriosclerotic subjects, in whom the cpU 
lateral circulation could with difficulty be restored. In these the 
preservation of the main channel would be necessary for the life of the, 
limb. Subsequent experience has convinced me that the reconstruc-' 
tive operation (aneuramoplasty), while of proved value, is called for 
only in special eases, in which (a) the condition of the sac is especially 
favorable for the rebuilding of the lost arter}'; (5) cases in which there, 
is good reason to fear the insufficiency of the collateral circulatic^,; 
either by the rigidity and disease of the arteries from arteriosclerok^:. 
or in consequence of obliteration and obstruction of the venous 
culation. In this relatively small hut dangerous class of cases 
reOonstruction of the artery may render great service as a 
or permanent expedient by which the peripheral circulation may|P:: 
ptaintained pending the development of the collateral circuit. 
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in all traumatic cases in which there is no atheromatous disease of 
the affected artery it is possible to restore the continuity of the artery, 
1 do not pretend that the walls of a diseased sac, in which the elasticity 
has been lost, will permit of the reconstruction of an artery possessed 
of the functional qualities of a normal healthy vessel. In these cases a 
new provisional channel is constructed which will save the limb, 
though it may be ultimately destined — (1) to undergo obliteration by 
progressive endarteritis or thrombosis; (2) to undergo secondary aneur- 
ismal dilatation. If the new channel is gradually obliterated, the cir- 
culation will have had an opportunity to readjust itself, and the result 
will be like that of an obliterative endo-aneurismorrhaphy or of an 
extirpation. If secondary dilatation and relapse take place, as have 
already happened in 2 cases, it will be safe to reopen the sac and then 
perform an obliterative endo-aneurismorrhaphy, as has been done 
successfully in the only case in which it has been attempted (Danna), 
on the assumption that the collateral circulation has had time to 
develop. 

The Blood-preaaure Test as an Aid in Determining the Choice of 
Operations {Korolkow's Method). — ^The conditions which must deter- 
mine in any given instance whether a reconstructive operation is 
indicated or an obliterative operation can be performed with ab- 
solute safety or not, will never be answered satisfactorily until an 
unerring clinical test of the adequacy of the collateral circulation after 
the preliminary compression of the main trunk which feeds the aneur- 
ism shall be at our command. The method of determining the pe- 
ripheral blood-pressure in the very tips of the extremities recently 
devised by the Russian surgeon, Korotkow, as the result of his ex- 
perience with arteriovenous aneurisms in the Russo-Japanese War, 
and applied successfully by him, Petrov, and v. Oppel, may .prove the 
final solution of the problem. 

If the peripheral blood-pressure is shown by the manometer (a 
modified G&rtner’s tonometer) to be more or less sustained after the 
compression of the main trunk above the aneurism, then the obliter- 
ative operation may be ^ely applied. If, on the other hfuid, the 
blood-pressure falls to zero, it is evident that the collateral circulation 
is inadequate and that no chwce should be taken with the obliterative 
operation or with any procedure whatever (ligature, extirpation, etc.) 
which would permanently occlude the parent artery. There are, un- 
fortunately, many fallacies which underlie the application of blood- 
pressure tests, especially where these are most needed, viz., in aneur- 
isms of the popliteal, femoral, and iliac arteries. Furthermore, any 
test depending upon change of color in the extremities (s. g., Oflrtner’s 
tonometer) is not only tMhnically* difficult to i^ply to the toes, 
but is praqtically worthless when used on negroes. Furthermore, 
in testing iat the efficiency of the collateral circulation, ^ mam 
trunk should be compressed immediately above the jmeurism, and 
this is very difficult and practically impossible with tito majority 
of popliteal; low femoral, .iliofemoral, and iliac aoeutisms. Ther^bre^ 

voifc V— 18 
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Eorutkow’s test is at present applicable only in the upper extremity, 
where it is less valuable. 

In a general way it may be said that whenever the peripheral 
parts (digits, feet, or hands) remain cadaverically pale and cold and 
show no vascular flushing or active hyperemic blush upon removing 
an Esmarch elastic bandage whfle digiteJ pressure is being maintained 
upon the main artery of the limb above the aneurism, and if the cada* 
veric appearance remains as long as the finger is kept on the main 
trunk, it will be well to delay operative interference with the hope that 
the collaterals may develop. However, whenever there is much 
edema and tension of the peri-aneurismal tissues, as in the popliteal 
region especially, it is evident that the more quickly the sac is 
evacuated the more promptly will the collateral circulation be relieved 
and improved. 

When, however, there is no urgent need of interference and there is 
reason to suspect by the above tests that the collateral circuit is in- 
sufficient, it may be advantageous to resort to preliminary digital or 
instrumental compression of the main artery -in order to develop the 
collaterals. Although this method has been utilized in practice for 
many years, and is largely lauded by the Japanese surgeons, whose 
large experience in the treatment of traumatic aneurisms entitles 
their opinions to special consideration, it is not to be trusted as reliable 
or as free from danger. It cannot be trpsted in old atheromatous 
subjects with rigid arteries in whom, in addition, the prolonged com- 
pression of the main artery may lead to thrombosis and embolism 
in the distal parts with gangrene, thus bringing about just the result 
which the procedure is intended to avoid. In all traumatic cases, 
in young, vigorous, healthy subjects with elastic arteries, the prelim- 
inary compression of the artery should prove a valuable addition to 
the operative treatment. In all doubtfd cases, in fact, in all cases, 
it is desirable not to operate too early after the development of the 
aneurism. Time should be given in acute traumatic aneurisms for 
the development of the sac to full maturity, not only to give time for 
the development of the collateral circulation, but also to favor the 
obliteration of the sac and of its orifices by intrasacoular suture. 
Undue kaUe in operating on traumtUie eases, espedaUy when the sae- 
watts ate not well lined with endothelium, tkll not permit qf the easy 
closure of the orifice of the wounded artery, vMeh still remains as a dis- 
tinct trunk at the bottom of the cavity and will compel the applieation of an 
obliterative ligature on each side of (he wound (tnfraeacetdar ligature), 
when by a litUe dday the dosure could often he accomplished wUhout total 
MiteraHon. The experience of the military surgeons, both Russian, 
and Japanese, confirm all the advantages of delay in allowing the sae 
to form fully before operating, though their object in ddaying opera- 
tions WM chiefly to give an opportunity to the collateral circulation 
to devdop; In pathologic aneurisms, if the cautious compression of 
the main trunk and the gradual development of the aneurism are not 
followed by improvement in the wterial pressure after the temporaijr 
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distal obliteration of the main trunk, any obliterative procedure is 
contra-indicated, and gradual obliteration by Haisted’s bands or by 
reconstructive endo-aneurismorrhaphy offers the only hope of cure 
without gangrene. 

CommetUariet on the General Technie . — ^The intrasaccular method is 
much simpler, easier, and safer than extirpation, because it is all con- 
ducted within the sac and the peri-aneurismal tissues are not exposed 
or disturbed. That it is not difficult of execution is attested by the 
fact that quite a number of the operations referred to have been per^ 
formed successfully by young surgeons who began their apprenticeship 
in the treatment of aneurism by the performance of this operation. 
Judgment, however, is required in determining the class of cases in 
which the reconstructive operation is indicated, and also, after its 
selection is determined, in the mode of constructing the new tube. 
This should always be made by a continued stitch, which may be 
amply whipped over with an occasional recurrent (back-stitch) at 
intervals, in order to lock it and to secure perfect hemostatic sealing 
of the line of suture. The new channel should be of smaller caliber 
than that of the parent artery, as seen usually at the inlet and outlet 
of the aneurism, where the vessel often dila^ into trumpet-shaped 
extremities; the suture should always take in the entire thickness of the 
sac-wall, up to its external layer, so as to obtain a firm grip of the tunics. 
It should always begin well above and beyond the margin of the proximal 
and distal orifices, in order to contract these gradually to the caliber 
of the new tube, which should be just large enough to allow the column 
of blood to go through easily; it should be about one-half the diameter 
of the parent vessel, with the view of favoring secondary obliteration 
rather than dilatation. The first line of sutures should always be rein- 
forced when possible by an additional superimposed row of continued 
sutures taken through the folds of the relaxed and corrugated walls of 
the sac on each side of the first line of sutures. It is an error to believe 
that the smooth, g^tening endothelial surfaces of the sac must be 
refreshed in order to secure better union, as some surgeons believe. 
The preliminary denudation of the margins to be sutured is injuri- 
ous, and is no more necessary than the preliminary denudation of the 
endothelial layer of the peritoneum to secure a firm union of the 
serous surfaces. In fact, the more polished and glistening the endothe- 
lial surface, the better it is for plastic adhesion. In performing the 
reconstructive operation, a rubber tube of the estimated caliber should 
be used as a guide after it has been well lubricated with sterile vaselin 
(and the suturing materid also) in order to diminish the tendency to 
thrombotic coagulation, as wdl shown by CarreL In the obliterative 
operation, after doang the main orifices, careful search should be made 
everywhere for the openings of collaterals. This is aicM by scrubbing 
the sao-wall with gause soaked in sterile saline solution and wiping away 
the loosely adherent laminated clot. The organised and fully adherent 
pseudomembrane should remain undisturbed T^ suture material is 
prderably Na O of 00 ehromv catgut, or fine opkthabnie nlk, dipped 
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in vaselin. The silk is especially indicated when line needles are 
necessary to close small orihces. The best needles are the semi- and 
full-curved intestinal needles of the Hagedom, Kirby, Mayo, and 
Fergusson type, or conjunctival needles. It should be mentioned that 
the suture of the aneurismal orifices is not so delicate an operation as 
lateral or circular arteriorrhaphy in a normal artery, for which only the 
finest needles (No. 16, 17, Kirby) and the finest silk or linen thread 
(No. 500) are suitable. The occlusion of the usually large orifices in 
an aneurismal sac is a comparatively gross affair, which any one can do 
well who is competent to close an intestinal perforation of perform a 
Witzel gastrostomy. 


Fi» 8S. Fig. 87. 

Figb. 86, ST.'-Ths Radical Cube ok Aneurirm bt the Intrahacculab Method. (MRtas.) 

Treatment or the Bag bt Method I. 

Fio. 86. — ^DUiEiBin RhowinE neclional view of the obliterated aneuriHinal Bae when the lumen of 
the parent artery w pretierved and tlie veHiiel orimnally communicatee with the aneuruim by a 
einfiie oririce. (Restorative and reconstructive enao^ourismorrhimhy.) /, First line of sutures 
winch close the orifice of communication and restore the lumen of the parent vessel; //, second 
TOW of protecting sutures which also reduce the sise of the sae ; ///, supporting throu^h-and- 
through Kutures, which bring the roof and floor of the aneurism in contact; /P, sutures which hold 
the skin-flap and sac in rontact with the bottom of the cavity. 

Fio. 87. — SecUon diagram showing method of obliterating the aneurismal sac in obliterative 
endo-aneurismorrhaphy . In this class of cases the tunics of tlie parent artery blend with the sac, and 
the arterial channel cannot usually be restored. The diagram shows the first row of sutures (/) 
which obliterates the orifice of the artery at the bottom of the sac. The second row of sutures 
is shown higher up (7/)^ and also the effect of this row in reducing the capacity of the sac. The ob- 
literation 01 the remaining part of the cavity by folding in or inverting the sao-vndls with the 
attached overling skin is shown in ///. The function m the deep sutures (7P) tied over gause 
pad^, and of the more superficial skin sutures (V) in obtaining firm contact of the opposed Hunaoes, 

IS also shown. This dluatrotion is purely schematic, it gives an exaggerated idea of the siie of the 
sae-walls, and is chiefly intended to give an idn of ^e position of the sutures and other parts. 

TrMmetd of the Sae. — ^Thia is one of the distinctive features of the 
operation, and is susceptible of variations according to conditions. 
The fundamental point is that, in order to obliterate the cavity of the 
sac, the endotheliid surfaces must be approximated so that no dead 
spaces are left behind. 

Metiiod 1. — Total oblUeration of the sac by suture and inversion 
of the skin-flaps. 

In the large typical aneurisms, the collapse of the sac after incUddn 
and empt^ng of the clot is foOowed by the pleating or corrugation of ; 
the relax^ walls .m longitudinid folds. In these cases my t 3 rpical , 
method of treating the sae is recommended. In a popliteal or a femond ; 
aneurism, for example, the typical method, after the obliteration of tli»: 3 
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or^ces by separate suture, would consist in first taking up the lateral 
folds from the deepest part of the sac and bring^g them together 
in the middle line, by a continuous suture extending from one pole of 
the sac to the other, the folds being brought into apposition very much 
as folds of peritoneum would be brought together by a continued Lem- 
bert suture. If there is a surplus of material near the surface, it will 
be proper to contract the caVity still further by additional tiers of 
sutures, thus obliterating the deep part of the sac and bringing it much 
nearer the surface. Whatever remains of the sac is then turned upon 
itself with the superimposed and adherent skin-flaps which result from 
the primary incision (see Figs. 86, 87). In this way the wound is closed 
without leaving dead spaces and without need of drainage. 

Method 11 . — ^Total obliteration of the sac by suture, leaving the sac 
buried in the wound, wWumi inverrion of the skin-flaps and without 
drainage. 

This is indicated in comparatively small aneurisms in deep places 
and in muscular and fat subjects. In deep popliteal and femoral 
aneurisms especially, in which the skin-flaps will not stretch enough 
to reach to the bottom of the deep cavity, the obliteration of the sac is 
obtained by running through it a series of continued buried sutures in 
superimpo^ tiers, which bring together its entire inner surface. This 
method has been adopted more often than any other. 

Meithod 111 . — ^The cavity of the sac is not obliterated, but is lined 
with sliding skin-flaps or grafts. 

This method is similar to that adopted by Neuber in healing rigid 
bone cavities — “Capitonnage” of the French — and is reserved for those 
eases in which the sac is large and deep, with rigid bottom and walls, 
from old peri-aneurismal adhesions, or in some popliteal sacs which 
adhere to the posterior surface of the femur and to the ligaments of the 
knee-joints, the sac not collapsing or pleating in relaxed folds as in the 
majority of the cases. If possible, the skin-flaps should be tocked to 
the bottom with catgut sutures, or at least to the sides as far as they 
will stretch without risk of sloughing. If the cavity cannot be “Neu- 
berized” in this way, in its entirety, as much of the walls as possible 
should be lined by skin and the remmning exposed surface should be 
skin-grafted or covered with silver-foil until granulations have formed, 
when it may be grafted. Usually the surface left uncovered is small 
enough to be covered by the relaxed skin-flaps. It is also possible 
that in some cases the entire raw surface may be covered by the help 
of rdoxation, incision, and pedunculated flaps borrowed from the 
vicinity, but this should be avoided when the nutrition of the skin is 
impaired and there is risk of slpughing from ischemia. 

Method TV . — In ruptured and infected sacs with irregular inter- 
muscular diverticula, it is often impossible and undesirable to attempt 
the obGteration of the dead spaces. In these cases, after the suture 
of the orifices, and after eomid^ hemostasis has beoi secured, the 
adherent healthy remnants of the sac may be. oblitMted ; and t^ 
detached and superfluous 'Pfrts excised* The deq;> wound can be 
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contracted in places with buried sutures, and the remaining space 
lightly packed with sterile or antiseptic iodoform gauze soaked in baWm 
of Peru, which can be allowed to remain for a week or longer until a 
firm granulation layer is obtained. 

Method F.— For intraperitoneai cases— e. g., iliac aneurisms. In these 
the sac is not disturbed from its peritoneal cover and the serosa is 
utilized with even greater advantage than the skin-flaps in the same 
manner as that prescribed for external aneurisms. After the hemo- 
static suture, the sac is totally obliterated by internal suture and the 
peritoneum is dosed over the level of the sac, or the sac is partially 
obliterated by intrasaccular suture and the remaining space is infolded 
upon itself, including the peritoneal surfaces of the sac flaps, which 
are brought into apposition and held in place by transfixion or by a 
continued row of Lembert sutures. 

Projdiylaetie hemostasia is absolutely essential, not only for the 
protection of the patient, but also for the proper methodic and 
deliberate application of the suture technic. In the peripheral aneu- 
risms, beyond the root of the limb (popliteal, femoral, brachial), absolute 
hemostasis is obtdned by Esmarch’s constrictor after the limb has been 
drained by devation or gravity. In the aneurisms of the root of limbs 
(inguinal, axillary, subclavian', and carotid) the preliminary hemostasis 
can only be obtained by securing the parent trunk above and below the 
aneurism, and as near the sac as possible, without dissecting it. For 
this purpose I have devised a special clamp which compresses the 
artery at each pole of the sac and bdow it so as to control the vessels 
given off imm^iately at the entrance and the exit of the artery into 
and from the sac; but ordinary curved, long, soft elastic clamps of 
the Doyen modd will also accomplish the purpose. In the groin 
severe hemorrhage may occur from the profunda upon opening the 
sac, even after the common femoral has been controlled by proximal 
traction loop or damp. In these cases, to avoid the recurrent flow from 
the obturator, gluted and sciatic, it is the safer plan to begin the opera- 
tion by a preliminary laparotomy, which will ^ow the common iliac 
to compressed with a traction loop or a clamp held by an assistant. 
While this is being done, it will also be advantageous to compress the 
abdominal aorta, espedally during the moment when the sac is 
opened.. This secures an absolutely bloodless field and permits the 
operator to work in the aneurism with perfect ease and deliberation.* 
In subdavian weurisms the innominate should be compressed with 
a traction loop in aneurisms of the first or middle third, on account of 
profuse bleeding from the vertebral and internal mammary and of other 
branches. 

^ Bndo-aneurismorrhaphy is indicated in every form of peripheral or 
internal aneurisms in which the method of extirpation or of Antyllus is 
practicable. It is just as radical an operation as the methods hitherto . 

ipNSNon, the epigaetoie may bleed into the 
Mi get ated upon. This veeeel is eae^ ooo> 


*Sometimee, in ainte of aortic com 
■ac, aa in a recent iliofemoral anpiirim 
trolled by digital preeaure and dimping 
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applied for the cure of aneurism, and has all the advantages of extir- 
pation with none of their dangers or disadvantages. In the restorative 
and reconstructive types of the operation, it not only spares the collateral 
circulation in its entirety, but it restores the parent trunk permanently 
in the sacciform cases and provisionally (in all probabUity) in the 
fusiform arteriosclerotic cases. In this way it deliberately challenges 
for the first time in surgical history the law laid down by Scarpa, which 
has remained an immutable and unshaken principle in surgery from the 
time it was first enunciated by that remarkable surgeon over one hundred 
years ago to the present time. According ttrScorpa, " it is a certain and 
incontrovertible fact in practical surgery that a complete and radical 
cure of aneurism cannot be obtained in whatever part of the body this 
tumor (aneurism) is situated unless the ulcerated, lacerated, or wounded 
artery from which the aneurism is derived is, by the assistance of nature, 
or of nature combined with art, obliterated and converted into a 
perfectly solid ligamentous substance, from a certain space above and 
below the place of the ulceration, laceration, or wound.” This ulti- 
matum, so thoroughly confirmed by the experience of surgery (see the 
evidence in the monumental work of Ballance and Edmunds, loc. cit.), 
is no longer tenable as an absolute truth, since the substitution of 
the suture for the ligature has permitted the aneurismal sac, in a very 
considerable percentage of the cases, to be obliterated without inter- 
rupting the continuity of the parent artery. 

Statistical Condumms } — On June 1, 1908, when I submitted my 
last summary of the reported cases of endo-aneurismorrhnphy at 
the meeting of the Surgical Section of the Amernica Medical Asso- 
ciation, held in Chicago (Jour. Amer. Med. Assoc., Nov. 14, 1908), 
I reported 85 cases, operated by 52 surgeons (49 American and 3 for- 
eign). Seventy-seven of these operations should be classed as typical 
and 8 as atypical. The arteries involved were distributed as follows: 
External iliac, 1; gluteal, 1; iliofemoral, 5; femoral, 18; popliteal, 50; 
posterior tibial, 1; external carotid, 1; subclavian, 1; subclavio-axillary, 
2; axillary, 1; brachial, 2; aortic, 2. Total, 85. Over 68 per cent/ were 
popliteal; over 21 per cent, femoral. Of these 85 operations, 59 were 
of the obliterative type (69 per cent.); 13 of the restorative type (15.4 
per cent.); and 13 of the reconstructive type (15.4 per cent.). 

Of the 60 popliteal aneurisms, 28 were treated by the obliterative 
method, 8 by the restorative, and 10 by the reconstructive. Of the 
18 femoral, 11 were obliterative, 6 restorative, 1 reconstructive. 
Of the 86 patients, 78 recovered; 7 died; 4 suffered from gangrene (of 
some part of the lower extremities); 4 relapsed (only in the recon- 
structive cases). In the obliterative group (69 cases) there were 6 
deaths; in the restorative (13 eases), no deaths; in the recon- 
structive (13 eases), 1 death. Secondary hemorrha^ occurred once 

1 have'iM^v^^rtiierreporUwhioh have inaesied the statisSn'S 
moirlumhy from 86 to 110 easM, a laigs proportion of wUeh (17) an pqiliteisl, 
femonalt and iliae--«]l leeoveiiis i{itiiOut gangrene. 
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in the obliterative group (iliofemoral), none in the restorative, and 
once in the reconstructive (popliteal); total secondary hemorrhage, 2. 
Of the 7 postoperative deaths, 5 should be eliminated from the list 
as not attributable to the method, but to accidental circumstances 
common to wounds in general; thus: tetanus, 1 case (Stafford); 
pulmonary embolism, 1 (Levi Old); rupture of a secondary aneurism 
(iliac) at a distance from origmal (femoral) aneurism, 1 (Stafford) ; 
2 abdominal aortic aneurisms (Lozano and Munro), in which the con- 
dition of the vessel precluded the satisfactory application of provi- 
sional hemostasis. If these $ cases are eliminated, the mortality would 
be reduced from 7 to 2 deaths in 85 cases, or 2.3 per cent.; gangrene, 4 
in 85 cases, occurred only in obliterative operations (4.6 per cent.), but 
if we eliminate two popliteal aneurisms, in which the vein was simul- 
taneously ligated for accidental injury (Lozano, Stafford), and 1 ilio- 
femoral, in which gangrene followed the ligature of the external iliac 
for hemorrhage in the sac at a lower point, the percentage of gangrene 
legitimately attributable to the intrasaccular operation would be 1 in 
85, or l.l per cent. 

Rdapses . — These occurred only in the reconstructive operations 
(4 in 13 operations) ; 28.9 per cent, of the group, or of the total, 4 per 
cent. It is to be noted that' in one of these cases the aneurism was 
cured permanently after the relapse by a secondary obliterative oper- 
ation (popliteal, Danna), and from a previous knowledge of the con- 
ditions existing in the sac in two other cases, one popliteal (Morris) 
and one iliofemoral (Danna), there is every reason to believe that a 
permanent cure could have been safely effected if the sac had been 
reopened and obliterated after the relapse following the reconstructive 
operation had been recognized. 

In only one case (popliteal, Binnie) the local conditions would have 
been apparently unfavorable to any form of local intervention. 

In view of the fact that the cases reported have been largely com- 
piled after diligent search in the United States and without any at- 
tempt at selection, these statistics are remarkably satisfactory when 
compared with those of extirpation and other methods in which a 
very considerable percentage of the fatal or unfortunate cases fail to 
appear. 

It is interesting to note that many of the operations reported in 
my collection of endo-aneurismorrhaphies have been successfully per* 
formed by young surgeons who have begun their apprenticeship in the 
surgicd treatment of aneurism by the intrasaccular operation. 

It is evident that the intrasaccular method cannot cope with 
thoracic or abdominal aneurisms unless those be of the sacciform type, 
in which the sac can be obliterated without occluding the lumen of 
the parent artery. The unfavorable conditions in both cases thus far 
reported are well illustrated by Lozmo’s case, in which the aorta crushed 
like an egg-shell under the clamps applied to obtain provudonal control 
of the circulation. ‘ In these cases better results may be expected from; 
gradual obliteration by Halsted's metallic rings, though even then this ' 
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diseased arteries may become thrombosed or ulcerate, with fatal 
secondary hemorrhage. 

In fine, while the intrasaccular method aims at and accomplishes 
a cure of the aneurism with greater safety to the limb and life of the 
patient, there will always remain certun cases in which gangrene will 
occur from embolism or thrombosis or other unavoidable and accidental 
causes, which are started into activity whenever the circulation is 
even provisionally arrested for hemostatic purposes, as in Frasier’s 
case. 

(IV) The Method of Intrasaccular Ligature (the Method of 
Syme and Annandale). — ^This method is applicable to traumatic aneur 
risTM with or without fully 
formed adventitious sacs of 
recent formation, in which 
the wounded artery is recog- 
nized at the bottom of the 
sac and is damaged too ex- 
tensively to permit of lateral 
or circular arteriorrhaphy. In 
the majority of these cases, 
in wliich the walls of the sac 
are well defined and the edges 
of the wounded artery are con- 
tinuous with those of the new 
sac-wall, the <MUeraU,ve, re- 
storative, or reeon^ructive types 
of the intrasaccular method 
of suture (endo-aneurismor- 
rhaphy), according to condi- 
tions, are not only more easily 
applied, but are safer. 

The intrasaccular ligature of the main artery inside of the aneurismal 
sac was practised by Syme (1861) and Annandale, of Edinburg (1886), 
who advised that the orifice be searched for in the sac of traumatic 
aneurisms and, after finding it, in order to facilitate the ligature of the 
trunk, that a probe or catheter be introduced as a guide into the lumen 
of the artery upward on the proximal side and downward toward the 
peripheiy. A small incision was then to be made through the floor 
of the sac, on each side of the orifice, corresponding to the wound in the 
artery. Through this small incision a ligature was to be carried around 
the vessd and tied, the catheter bang withdrawn as the ligature was 
tied. The same maneuver was. to be repeated on tlm proximal nde, 
and in this way the bleeding orifice was completely controlled without 
dissecting the. sac in its entirety, avoiding the disturbances in the 
peri-aneuiismal tissues that would be necessitated by an extrasacoto 
ligature or by a total extirpation.. This excellent sojggiestipn,. which 
is quite effective in pure traumatic aneurisms, is not as. satisfactory 
in the spontaneous or patholbgie aneurisms, in nrhieb the aneurismal 



Fia, 88. — ANNANnALs’B Method op Intrabacculab 
Ligature, (Annandale.) 
a. Orifice leading to nutrient artery of aneurismal 
sac: b, metal catheter used as a mide; c-d, two small 
incisionH made on each side of the guide to allow the 
aneurism needle (e) to cany the ligature around and 
under the artery. 
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sac is formed at the expense of the tunics of the parent artery. In the 
spontaneous fusiform and sacciform aneurisms the segment of the 
artery involved in the aneurismal process gives off important and often 
large collaterals, especially in the upper femoral, popliteal, axillary, 
and subclavian aneurisms. Therefore, the mere ligature of the main 
vessel in the sac is not sufficient to arrest the hemorrhage which 
follows in the sac upon the removal of the constrictor. It is thus 
necessary, if the ligation is relied upon as the sole hemostatic agent, 
that the sac be dissected out or extirpated in order to ligate the 
individual vessels as they penetrate into the sac from the outside. 
Possibly, for this and other reasons, the ligation of the main artery, as 
suggested by Annandale, was not generalized in practice, and the 
ligature in situ — t. e., at the bleeding point, according to the long-estab- 
lished golden rule— was not carried out by surgeons except in ligating 
the recently wounded arteries in which diffuse and progressive pulsating 
hematomas demanded prompt interference. 

The rules for the ligature of wounded arteries and the pulsating 
hematomas have been sufficiently discussed in the section on the 
Surgery of the Arteries, and need no further commentary. In con- 
nection with the treatment of traumatic aneurisms, it is interesting to 
notice that the forgotten suggestion of Syme and Annandale has been 
revived and systematized into a method (without a previous knowledge 
of this suggestion) by Kikuzi and. other Japanese surgeons, who in the 
late Manchurian struggle have been compelled to face the treatment 
of traumatic aneurisms on a large and extended scale, such as have 
never been witnessed before in the annals of military surgery. Thus, 
Kikuzi reports 86 operations for traumatic aneurisms, Tana^ reports 
110 operations, and Saigo, .36. The German and Russian surgeons on 
the Russian side likewise report the frequency of these aneurisms, both 
arterial and arteriovenous. These ol^rvations, which simply con- 
firm on a large scale the earlier experiences of the English and Boer 
surgeons in the South African war, all agree in the conclusion that since 
the advent of the modern small hard-jacketed projectile in modem 
warfare, wounds of the large vessels have immensely increased, and that 
primary hemorrhage, even when the large vessels of the neck and 
extremities were involved, has become an inmgnificant factor in the 
mortality of the field hospitals. This remarkable absence of serious 
primary hemorrhage is counterbalanced by the certmnty with which 
secondary arterial and arteriovenous aneurisms follow after such 
wounds. In view of the ease with which the primary hemorrhage is 
imally controlled by the ordinary first-aid dressing, moderate compres- 
sion, etc., it became a rule, observed by all the Japanese surgeons and 
the majority of the Russians (except, notably, Zoege von Manteuffel), . 
never to operate upon these patients in the field hospitals. It was 
only wtoa progressive and diffuse hematomas occurred in the course 
of tran^KHtation that operative interference ligation of the bleed- 
ing artery at the bleeding point was regarded as necessary or justifi- 
able^ AU operative treatment was reserved for the stationary hoBintaI%: 
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where the aneurismB which invariably developed were allowed to 
mature into fully formed aneurismal sacs. 

Experience has shown that in traumatic aneurisms, well-defined 
circumscribed adventitious sacs, lined by new endothelium, will form 
within a comparatively short time, sometimes in three days, and after 
arteriovenous injury within a few hours. Usually the wound tract is 
well healed and cicatrized when the pulsating tumor is large enough to 
be felt. Leo Bomhaupt states that these aneurisms should not be 
touched before a period of four to six weeks has elapsed, and in this 
Kikuzi, Saigo, and the other surgeons concur with him. The object of 
this delay is not only to eliminate all possibility of primary infection, 
but also to give the collateral circulation a good opportunity to develop. 
Kikuzi furthermore observes that when the operation is delayed, the 
proximal and distal ends of the divided artmy as seen in the sac are 
quite often contracted and narrowed, apparently as the result of the 
compressive action of the expanding tumor itself. The spontaneous 
cures noticed in thoracic aneurisms by Makins and other surgeons in 
the South African war no doubt are accounted for, in part at least, 
by this well-known obliterative action of the tumor upon the feeding 
vessel. Loison, writing of traumatic aneurisms in civil practice, also 
urges delay in operating, with the view of favoring the development of 
the collateral circulation. I myself have likewise long contended that 
it is preferable to wait for the aneurism to develop into a well-formed 
tumor, not only in traumatic, but in sfwntaneous, aneurisms, with the 
double object of favoring the development of the collaterals and of 
allowing the newly formed sac in traumatic cases to become lined with 
newly formed endothelium. The false sacs thus formed are intimately 
adherent to the surrounding perivascular tissues, and their removal by 
extirpation entails much and severe traumatism. To obviate the 
injury to the collaterals which usually follows the extirpation of 
large sacs, especially at the root of the limbs, Kikuzi was led to 
adopt his “intrasaccular operation," in which the peri-aneuiismal 
tissues are resected and the ligation of the wounded vessels is con- 
ducted exclusively within the sac. In his earlier experience Kikuzi 
performed typical extirpations, then he was led to adopt a modified 
Antyllus, which he did as follows, taking a femoral aneurism of the 
middle third as an illustration; He exposed the femoral vessels 
by incision, as near the sac as possible; no Esmarch or constrictor was 
used. After exposing the vessels, the artery was divided between 
two ligatures; in arteriovenous aneurisnm, the Arein was likewise isolated 
and cut between two ligatures. After this was done, the constrictor 
was applied to the root of the limb, after ischemia had been obtained 
by elevation and drainage. The inciinon was thm prolonged over the 
whole length of the tumor wd the sac opened and evakmated. After 
cleaiiy exposing the bottom of the sac, the ligated trunk of the artery 
connected with the sac was untied, and a catheter or long probe was 
inserted into the lumen, which acted as an unerring guicte to the opening 
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of the artery in the interior of the sac; in arteriovenous aneurisms the 
guide was similarly introduced into the vein. 

By adopting this procedure, the orifice of the wounded artery is 
at once identifi^ in the sac, and the outline of the parent artery on the 
proximal and distal side of the wound readily made out as it lies under 
the sac-walls. Having identified the path of the artery in this way, 
it is easy to isolate it and dissect it out through the sac-walls. The 
wounded segment is then excised for a short distance on each side of 
the perforation, and the proximal and distal ends are ligated separately. 
The vessel is thereby secured without disturbing the peri-aneurismal 
tissues, and with much lees traumatism and delay than would follow 
a formal attempt at the extirpation of the sac. With increasing expe- 
rience, Kikuzi was soon convinced that the preliminary extrasaccular 
dissection and division of the parent trunk was urmecessary, as it was 
quite easy, in the majority of the cases, to locate the bleeding orifice 
at the bottom of the sac, especially when a clear and dry surface was 
obtained by carefully wiping off the adherent clots. Therefore, method 
No. II was adopted as follows: Ischemia of the limb is obtained by 
elevation, gravity, and the elastic constrictor. The aneurismal tumor 
is opened freely and emptied. The bottom of the sac is exposed and 
the wound orifice is located. ' If there is difficulty in identifying the 
opening, the constrictor is relaxed sufficiently to reveal the bleeding 
point. When this is seen, a probe is introduced into the openmg, 
upward toward the trunk and downward toward the periphery. The 
outline of the main vessel is thus plainly made out, and a ligature is 
applied over the guide through the sac and around the vessel, in the 
manner suggested by Annandale, and the vessels secured on each 
side and a short distance from the opening. Kikusi, who is very 
well pleased with the results of the intrasaccular ligature, justly 
claims that, in comparison with the old Antyllian method and that 
of extirpation, it has great advantages, in so far (1) that it greatly 
simplifies the operation; (2) that it shortens the time reqxaired to per- 
form. it; (3) that in favorable cases it may be performed with local 
anesthesia; (4) that the obliterated section of the artery is much 
shorter than by extirpation; (6) that only a few collateral branches 
are lost; (6) that the circulatory disturbances and the dangers of 
peripheral gangrene are consequently diminished. After the ihtra- 
saccular o^ces are closed and hemostams has been obtained, an iodoform 
gauze drain is left in the sac and the external wound is partially closed 
with sutures, over which an occlusive and immobolising dresring is 
applied. It will be observed by this description that the reasons wUch 
M Kikuzi and the Japanese surgeons to adopt this intrasaccular 
procedure are precisely the same as those which led me long before 
them to apply the method of endo-aneurismorrhaphy or intrasaccular 
suture, whi<di had been successfully practised in America many years 
before thby had cohcrived it as a result of the experiences of the Man* 
churian War. It is also just as applicable to pathologpe. as. well as . ' 
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to traumatic aneurisms, and in many cases it will also permit of the 
restoration of the continuity of the parent trunk. 

Kikusi says that he has had but one ease of gangrene following all 
his operations (85 cases). Saigo, who operated on 36 cases, had 2 
deaths, 1 after an Antyllus and 1 after extirpation; 2 secondary 
hemorrhages, 1 after an Antyllus and 1 after extirpation; 2 gangrenes 
of the upper extremities after ligation of the axillary and subclavian 
respectivdy; 1 gangrene of the leg after double ligature of the femoral 
vessels for varix; 1 gangrene of the toes after extirpation. 

A group of methods will now be described and only briefly referred 
to, because they have been carried out only in isolated instances by 
individual operators, but which deserve attention as showing the efforts 
of clinicians in applying the facts recently acquired by laboratory 
workers in the domain of experimental surgery. They are largely 
the outcome of the original work of J. B. Murphy, of Chicago (1897), who 
first suggested the possibility of extirpating aneurisms in a few suitable 
cases and restoring the continuity of the parent arteiy by lateral and 
circular arteriorrhaphy. Since the impetus ^ven to arterial suture, 
both experimentally and clinically, the value of this procedure has been 
so thoroughly appreciated and its technic has been so much perfected, 
especially by the work of Carrel and those who have adopted his technic, 
that it is not surprising that surgeons should have attempted to carry 
out not only the technic of arteriorrhaphy, but also that of the trans- 
plantation and grafting of segments of arteries or veins in the treat- 
ment of both arterial and arteriovenous aneurisms. In attempting to 
classify the few clinical cases thus far recorded we shall class them in 
accordance with a definite principle or plan adopted by each operator, 
thus: 

(V) (a) Aneurismectomy associated with Lateral Arteriorrhaphy. 
— 'This procedure is only applicable to sacciform aneurisms with nar- 
row necks. Many cases of traumatic diffuse hematomas without distinct 
sacs have been reported nnce Murphy operated on the first case, 
in which the wound in the artery or vein, or both (arteriovenous 
aneurisms), have been closed by suture; but in this discussion only 
the aneurisms with fully formed sacs are considered. The only case 
of extirpation with lateral arteriorrhaphy is that recorded by Garr6 
of Leipdc. The operation was performed in 1904 on a patient aged 
twenty-six years. An arteriovenous aneurism had been accidentally 
caused by a puncture, with a pocket-knife, of both femoral vessels 
about the levd of Hunter’s cand. The tumor had existed ten years. 
It was formed by a large oblong sac, which was attached by a narrow 
neck to the wounded vessels. The extirpation of the sac was completed 
after a very difficult and laborious dissection. The vdn was divided 
between ligatures at its point of attachment to the sac. The collar of 
'^e sac was left attached to the arterial walls and dosed with continuous 
^k sutures. Pulsation was detected in- the popliteal arteiy, but not 
in the dorsafls pedis, where it was distinctly felt befwe tiie <q[wrati«»>. 
The patient recovered. ’ . ‘ 
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In connection with arteriovenoue aneuricms, we shall show that lateral arteriois 
rhaphy and phleborrhaphy are not only le^timate procedures, but should be the 
method of election wherever it is possible to retam the continuity of the injured vessek 

{b) Aneurisinectomy Associated with Circular Arteriorrhaphy. — In 

a case reported by Erich Lexer, of Kdnipberg, he extirpated a sac about 
the size of the fist, which was connected with both the popliteal artery 
and vein. The injury had been inflicted thirty-one days previously with 
a pen-knife. A large number of veins, attached to the sac, had to be 
dissected out and divided. After resecting the closely adherent sac 
which had already formed, the popliteal vein and artery had to be 
resected. When the isolation of the vessels was completed it was 
found that the injury involved so much of the circumference that 
lateral suture of either vessel was impossible. On account of the 
serious danger to the limb from the extensive traumatism during the 



Fia. 89— Ankukibmectomy poh SAcciFomii Ansuriem, with Lateral or Circular Arterior- 
RUAPHT. (Murphy’s sugBestiom.) 

1, Tlie aao is reseoted in B, and the collar of sac is sutured so as to preserve the lumen of the 
arteiy (performed once in 1906 by Garre; 2, A, extimtion of the aneurism with a segment of 
the artery; B, the artery reunited oy Murphy’s invagination method. This operation has never 
been iteiionned. 

extirpation. Lexer brought the divided vessels together by circular 
arteriorrhaphy and phleborrhaphy. This approximation of the divided 
vessels,, which amounted to 5 cm., could not have been accompUshed 
without flexing the knee at right angles. In this instance the anasto- 
mosis was effected by using Payr’s magnesium rin^s. After the removal 
of the constrictor the artery pulsated and blood flowed into the vein. 
The limb was immobilized in plaster-of-Paris dressing, which was 
removed after six weeks. After the sixth week the taee could to 
extended, and the patient was discharged in mght weeks, with partial 
ankylosis of the knee-joint. Efight months edter the operation the 
pulM in^ the dorsalis p^is could hardly to felt, suggesting a pro^ 
gressive' obliteration of the artery at the anastomosis. A similar 
operation is reported by Stich (Bonn) for aneurism of the pojditealv: 
artery, in which the Carrel teelmie was successfully applied in Juljr^t: 
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1908; and another popliteal, by Enderlen (Wurzburg), in December, 
1907, a simplified Carrel circular technic being successfully adopted. 
The advantage of flexion in permitting the approximation of the 
divided arteries after resection is well illustrated in these cases, but 
when the eiccision is large, flexion is not sufficient, and if the continuity 
of the artery is to be restored, other methods must be adopted. 
This leads to; 

(VI) Aneurismectomy with Arteriovenous Anastomosis, with 
(a) Venous Transplantation, (b) Arterial Transplantation. — Of 

the first group there are only two instances on record, one, a case of 
uniterminal venous transplantation reported by Goyanes, of Madrid. 
He reported a case of fusiform popliteo-femoral aneurism which be- 
gan in Hunter’s canal in a man aged forty-one years. Adopting 
the technic of Carrel, he divided both vessels on a level with the 



Pig. 90.— ANiuBiaiiBcroMT with BiraBMiNAL VuNOUBjTKANftpLANTATioN. (Lexer.) 

, In this operation the aao w extirpated or displaced to one side and a Bennent of the patellite 
vein is aubstituted for the miaaing aection of the artery by theCaiTol method of bitermiiiaiVenoiia 
transplantation. 1 ahowa aneurism and vein aide by aide; 2, aneuriamal aao detached from the 
arteiy and displaced; 3, the segment of the vein is united to both ends of the artery in order to 
restore the arterial circulation. By this procedure the main vein is aacrifloed, and if the trana- 
plimted venous segment becomes blocked by thrombus, the distal circulation may be seriously 
endangered. This operation has been performed once successfully by Lexer, of Kfinigsbeig. 

abductor. Then the peripheral end of the artery and the central 
end of the vein were closed, and the central arterial end was united 
to the peripheral venous end. The blood-current readily passed over 
the anastomotic joint immediately after the removal of the hemo- 
static clamps. The aneurismal sac was merely displaced to one side, 
still attached to the peripheral end of the artery. In spite of suppurar 
tion the patient recover^ and was well five and a hidf months after 
the operation. 

Aueuriimactomy with Grafting of Tianqplanted Vain {Biterminal 
Venous Trafisptantation).— This case is reported by Lexer and deals 
with a traumatic aneurism of the axillary arteiy following a dis- 
location of the shouldei^joint. The patient was nxty-nine years old 
and the injury had been infficted nine weeks previoudy. T%ere was 
extreme arteriosclerosis. I m piys s ed by the go^ lesulte obtained by 
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Stich, and Dowmann, who had followed in the wake of Car> 

rel in transplantation of vascidar segments. Lexer, having previoudy 
controlled the axillary with Hoepfner’s clamps; incised the tumor and 
removed a large mass of blood-clot. There was no formed aneurismal 
sac. The axillary was found too badly lacerated to permit of either 
lateral or circular arteriorrhaphy. Three cm. of the artery were 
resected, the stumps at once retracting 8 cm. apart. The gap between 
the divided vessels could not be bridged over. Fearing gangrene of 
the extremity, a segment of the long saphenous vein large enough to 
meet both ends of the artery was transplanted from the thigh and 
united by circular arteriorrhaphy (Carrel’s technic) to each end of 
the artery. The anastomosis was not difficult, because the lumen of 
the vein and artery were nearly equal. On removing the hemostatic 
clamp the blood rushed into the venous segment and was felt at the 
ulnar artery, but not at the radial. The operation took forty-five 
minutes. The dislocation also was reduced. To give the anastomosis a 
firm support the grafted segment was buried in the anterior surface of 
the deltoid. The patient and the arm did well until the third day. 
Delirium set in on the fourth and all circulation ceased in the arm on 
the fifth day, followed by gangrene and death &om cardiac exhaustion. 
A thrombus had formed in the axillary at the point of compression by 
the forceps. The lumen was perfectly pervious at the anastomotic joints. 

Aneurismectomy with Arterial Transplantation or Grafting (Biter^ 
minal Arterial Transplantation ). — Delbet reports a case of femoropop- 
liteal aneurism. The application of this procedure was based upon the 
success of Hoepfner (1^) in restoring the continuity of arteries by 
^grafting sections or segments of arteries transplanted from one part 
of the arterial system to another, as from the carotid to the femoral 
of the same animal, and then from one animal to another, Hoepfner 
using Payr’s technic. (Tarrel and Guthrie went farther, and not only 
succeeded in establishing heteroplastic arterial, transplantations, but also 
arteriovenous transplantations, applying Carrel’s simple suture method. 
Sintie then Carrel has been able to graft successfully arterial segments 
of variable dimenaons which have been kept in Locke’s solution in 
cold storage for forty days. Impressed with these experimental facts, 
Delbet tri^ the transplantation of a popliteal artery (obtained .from a 
freshly amputated leg) in place of the artery excised, in extirpating 
a femoropopliteal aneurism. Delbet’s patient was an atheromatous 
man, aged seventy-four years, who had a very large femoropopliteal 
aneurism. Fearing that the peripheral circulation would not be reestalv^ 
lished, Delbet had made arrangements with a colleague in anothor 
hospital to operate on the aneurism simultaneously with the ampu-- 
tation of a leg. The attempt to graft the popliteal of the amputate^ ^ 
leg failed b^ause of the extreme chalky degeneration of the arteri^ ^ 
in the. aneurismal patient. The attempt hid to be abandoned- andf 
the stump of the resected artery had to be ligated. The ligature dttj' 
the proximal side cut through the artery and when the oonstrictcn* waa|: 
removed the patient had a formidable hemcffrhage; aftw another fa&|Kl|^v 
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the femoral had to be ligated in Hunter’s canal. Gangrene set in 
and amputation of the leg Wame necessary. 

It is evident from what has been said that the indications for the com- 
bined extirpation of ,aneurisms and the suture of the vessels to restore 
the circulation must be very limited in pure arterial aneurisms, and the 
substitution of grafted vessels for missing arteries still less frequent, and 
applicable only as an extreme measure. The great disadvantage of these 
procedures is that in the efforts to extirpate the sac irremediable damage 
is inflicted on the collateral vessels and peri-aneurismal tissues; the situa- 
tion is still further complicated when the satellite vein is sacrificed 
and used to restoi'e the continuity of the artery. If the anastomosis 
is unsuccessful and the operation fails, then the death of the limb is 
inevitable, as all the collateral avenues of the circulation have been 
destroyed. 
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ARTERIOVENOUS ANEURISMS. 

Definition. — All abnormal communications established between 
an arterial and a venous channel, whether it be an artery and . a vein or 
an artery and a sinus of the dura mater (pulsating exophthalmos), or 
with a venous plexus, constitute arteriovenous aneurisms. 

Classification. — ^The communication between an artery and a 
vein may be direct or indirect On this basis there are two types 
of arteriovenous aneurism: (1) The aneurismal varix; (2) the varicose 
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aneuriam (aneuiysma varicosum). In aneuriamal varix the arterial 
and venous wounds become agglutinated and adherent as a direct 
sequel to the injury, and an arteriovenous fistula is established 
after the small perivascular extravasations have been absorbed, to 
traumatic varieote aneuritm the normal anatomic position of .tto 
vees^ is distur^, the injury is followed by a more or lees extttssi^; 
hraiorrhage, whjeh becoming drcumscribed by the resistance of 
perivascular tisrads, forms a well«defined pulsating hematbma;>.a^ 
finally an encyeted and well-differentiated sac. 
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Usually wheu an arteriovenous anastomosis is established, the 
vein, on account of its^ weaker walls, yields progressively under the 
steady pressure of the arterial current, unless, as often happens, a resist- 
ing sheath and aponeurosis are strong enough to counteract the arterial 
pressure. If this extrava^cular support is misring the vein dilates 
and assumes a sacciform or fusiform shape opposite the seat of the 
fistula, and in this way the varicose aneurisms by dUatation (Broca) 
are formed. Sometimes the dilatation in the veins may attfun such 
enormous size as to be mistaken for an independent tumor. The 
sub-varieties of these two fundamental types are numerous, and have 
received various confusing designations according to the preponder- 
ance of the dilatation on the arterial or on the venous side, or both. 
These types will be more clearly understood by referring to the accom- 
panying diagrams suggested by Fischer and Lexer (Figs. 91-98). 



Fig. M.— ABnmoviiNOUfl Fistula with Fio. 05 .— Artbriovinous Anburibii with 

Vbnoub Sac. Falsb Intbrmbdxaby Sac and Varix 

ON OUTBB SlDB OF VbIN DuB TO DoUBLB 
Injury or thb Latter. 

In addition to these varieties the complete division of both the 
artery and vein by stab or shot will lead to the formation of a false 
!«ac, showing in its interior two proximal and two disUd openings, corre- 
i^^nding to the cardiac and the peripheral orifices of the vessels 
ilivided (Fig. 97). Amussat, in his early miperimental work, noted that 
after complete division of the main artery and vein only the two central 
vascular stumps entered into communication with the newly formed 
"direct aneurism with a blind sac,” the two peripheral ends being 
‘^acluded by thrombotic material. A wmilar formation may occur in 
amputation stumps (Fischer). 

Secondary miieriovenous aneuritois are those found usually in the 
’toighborhpod of the heart whmi a primary aortic aneurism gradually 
•cerates or opens by pressure atrophy into a venous channel, such as 
cava, pulmonary art^> right auricle or v«tricle. 

mher rarer varieties exist in which both vesseb are completely 
'iivided. The peripheral end of the v«n is obHterated by thrombuh, 
two arteriid orifices and. the central venous orifiee ehniBiunieste 
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with the same sac. Other cases are recorded in which the afferent 
wd not the efferent arterial branches were foqnd, and still other rarer 
varieties which are described in the literature. 

Etiology and Pathogenesis. — Etiologically, arteriovenous aneu- 
risms may be classified into: (1) Traumatic; (2) spontaneous or idio- 
pathic; (3) secondary; (4) so-called congenital. 

Traumatism is the most frequent cause by far of arteriovenous aneu- 
risms; by bullet wounds, as exemplified most notably in modern military 
practice, or by a clean narrow puncture or stab wound. At a time 
when venesection was practised, often twice yearly, arteriovenous 
aneurisms at the bend of the elbow were of common occurrence as 
a result of puncture of the brachial or ulnar arteries while opening the 
median basilic vein. Even as late as 1888 Delbet's statistics of 250 cases 
of arteriovenous aneurisms show that in 96 the ulnar artery was in- 
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volved, no doubt in consequence of venesection. Von Bramann, in his 
classical study of the subject in 1886, mentions 56 cases caused by vene- 
section. Of 158 cases of peripheral anexirism collected by von Bramann 
in 1885, 108 followed, after punctured or incised wounds, 29 after gun- 
shot wounds, 5 after contusions, 9 occurred spontaneously, 1 from an 
abscess, and 1 from w amputation stump. It is probable that at 
the present time the relative preponderance of punctured and gunshot 
wounds as a cause of these aneurisms has been reversed, and that 
gunshot wounds have the first rank, both in peace and war, espedally 
in the United States and EngUsh-spealdng countries, where the revolyii^ 
is the. ireapon of offense and defense. 

In his officUd report on the “Surreal Cases Noted in the , So]^ 
African War, 1899^1902,” Surgeon-Genwal W. F. Stevmson (Lradj^ 
1906) N^K)^ 63 oases of traumatic aneurism. Of these 63 aneutihi^f 
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33 were of the arteriovenous type, practically 50 per cent. In the 
Russo-Japanese War the proportion was nearly the same. 

Pathogenesis. — ^The reasons for the greater frequency of aneurisms 
in modem warfare have already been referred to; suffice it to say that the 
conditions necessary for the formation of ordinary arterial traumatic 
(false) aneurisms are those required for the production of arteriovenous 
aneurisms— “small orifice of entrance and exit of the bullet; a narrow 
but long curved channel, usually cros^g the course of the vessel in an 
oblique direction; a small perforation in the artery, followed by 
rapid closure of the wound and primary union of the bullet track ’’ 
(von Bergmann). These are the conffitions which now obtain in 
modem warfare, and to a large extent in civil practice, when small- 
caliber projectiles are used. 

Uncomplicated cases of aneurismal varix are less common than those 
in which the arteriovenous communication is accompanied by the for- 
mation of a traumatic sac. The most important conditions which de- 
termine the formation of the aneurismal varix are the proximiUy and 
degree of cohesion of the two vessels, the comparative spaciousness, or 
the opposite, of the vascular cleft, and the degree of support afforded by 
the surrounding stmetures (Makins). Thus the dose proximity of the 
popliteal vessels, of the femoral vessds in Hunter’s canal, to a less extent 
at the groin, and of the carotid sheath, account for the greater frequency 
of this type of arteriovenous anastomosis in these regions than elsewhere. 

Apart from bullet and punctured wounds arteriovenous aneurisms 
may ^ caused by subcutaneous fractures (more often at the base of the 
skull) and the erosion of the vessels by acute and chronic suppurations. 

The spontaneous origin of arteriovenous aneurisms of the peripheral 
arteries of the body is extremely rare. When it occurs it is usu^y as 
a sequel or complication of arterial aneurisms, the aneurismal sac form- 
ing adhesions with the ndghboring vdn, the two vessels communicating 
by an erosion or atrophy of the intermediary partition; 42 cases of . 
this kind were compiled by Harwell; Boinet increased the list to 114, of 
which 39 involved the ascending aorta and superior vena cava, '5 the 
aorta and innominate, 20 the aorta and right cavities of the heart, 
30 between the aorta and the pulmonary artery, and 20 of the aorta 
and inferior vena cava. In very exceptional cases the arteriovenous 
communications ue established by septal abscesses, which ulcerate 
through the walls of the contiguous vessels. The aneurismal varices 
'vhich occur in amputation stumps have bemi repeatedly observed. 

' hey ate usually assodated with masnve ligature of both vessds, 

* ’llowed by infection. 

The so-called eongmiUd arteriovenous aneurisms described by some 
' uthors are to be regarded as varieties of cirsoid aneurisms, in which 
communication is established between an artery and a veim in the 
at an advanced stage of the disease. 

Pathologic Anatomy and PhysiOiNdholost.r--The pathdogic 
matomy of arteriovenous aneurisins is most interesting as an Uludratiob 
t adaptation of structure to function, llie arte^, at thaseat df the 
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anastomosis, becomes dilated, tortuous, especially in long-standing 
cases, its walls become thinner, less elastic and less resistant; the muscu- 
lar elements become atrophied. The afferent end of the artery shows 
usually the least changes; the distal arterial segment becomes contracted 
and is narrower, since it receives less blood and is subjected to much 
less blood-pressure than normal. On the other hand, the entrance of 
the arterial stream into the vein immediately causes a rise of the blood 
tension of the vein, followed by a dilatation and yielding of its walls 
in proportion to the size of the orifice of communication, the volume of 
arterial blood poured in, and the relative support the vein receives 
from the perivascular structures. Dilatation takes place up to the 
first valve in the peripheral segment; this valve, as well as those lower 
down toward the periphery, gradually yield in proportion to the increase 
in the intravenous tension; the resistance of the valves favors the dila- 
tation of the vein in segments, as in the varicose state, the dilated seg- 
ments forming tumors which vary from the size of a pea to that of a 
large egg or even of the fetal head, as in the very exceptional case 
related by Osier. The dilatation on the peripheral segment of the vein 
is very much influenced by the resistance of the peri-aneurismal tissues. 
With the dilatation consequent* upon increased intravenous pressure, 
there is a coincident thickening and hypertrophy of the venous walls 
and even valves. As shown by Qu6nu, the muscular coat of the vein 
becomes very much hypertrophied, the fibers increase in number, a 
veritable hyperplasia occurs, showing that compensation for the unusual 
pressure has occurred in the venous wall and that the vein becomes 
in a manner arterialized, to cope better with the abnormal conditions. 
The marked ^^arterialization” of the veins has been confirmed by 
all experimenters, but by none more conclusively than by Alexis Carrel, 
who has demonstrated the possibility of interposing a segment of excised 
vein into an arterial defect several centimeters long by a double end-to- 
end suture (biterminal transplantation). “Aided by the support of the 
surrounding tissues and by its own hypertrophy, the interposed seg- 
ment of vein, after a temporary slight bdlooning, soon effectively plays 
the part of the thick-waUed artery for which it has been substituted.’' 

When an aneurismal sac becomes interposed between the artery and 
the vein it^ walls rarely present the same regular homogeneous appeAiN 
anc^ which characterizes the arterial aneurisms. In many places the aims 
is simply r^gnizable as such, but in all fully developed aneurisms the 
interior is lined throughout by a smooth layer of endothelium, which 
has formed by proliferation from the interior of both vessels. 

A notable peculiarity of the sac in varicose aneurisms is that it 
scarcely ever contains a clot, especially of the laminated, active type»; 
which characterizes the arterial aneurisms. The circulation in thcW;; 
aneurisms is too active to allow of the formation of any coagula. Thtt 
lack of clot is important in differentiating between the pure artei%ii| ! 
md the arteriovenous aneurisms, and also in accounting for the slif^ 
if Miy, tendency to spontaneous obliteration xlisplayed by the sateill 
v|ricosf»>aneurisms. 
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Progress and Evolution. — Arteriovenous aneurisms rarely attain 
large dimensions. There is no progressive dilatation of the arterial 
tunics, or large deposits of clot, or secondary ruptures, which continue 
to increase the sise of the sac in pure arterial aneurism. But while 
the sac of varicose aneurisms usually remains stationary, it shows no 
tendency to spontaneous cure by coagulation. 

Secondary Lesions and Effects. — In consequence of the abnormal 
circulatory conditions changes occur in the artery on the distal side of 
the anastomosis, resulting from contraction of the lumen from disuse. 
Ischemia of the territory supplie<l by the injured artery' is felt accord- 
ing to the amount of blood deviated into the anastomosing vein. 
Complete stenosis and thrombosis with varix formation on the periph- 
eral venous side must occur in certain areas in consequence of the forced 
entrance of arterial blood and the damming back of the venous cur- 
rent. In other limited areas the nutrition of the affected parts is 
favored by the more abundant supply of arterial blood, but this occurs 
to a very limited, extent only. This results at first in hypertrophy, 
followed later by retrogressive processes in the involved organs. The 
deficient blood-supply and the imperfect exchange of gases interfere 
with the nutritional conditions of the body segment supplied by the 
injured artery, resulting in a number of pathologic degenerative and 
involutionary states of the various tissues and organs. Edematous 
infiltration and hypertrophy of the subcutaneous connective tissue 
are followed by subsequent atrophy of the skin and histologic changes 
akin to those which accompany ordinary varicose veins. The skeletal 
muscles become atrophied and undergo degeneration. The nerves 
likewise suffer from the circulatory disturbances, and the tropho- 
neurotic phennomena observed in the old cases, especially of the lower 
extremities, are due to this cause. 

The distant and remote effects of arteriovenous anastomosis will 
be marked in proportion with the importance of the vessels involved. 
It is important to bear in mind, however, that the aneurismal varices 
of the neck and upper extremities are especially well tolerated; they 
give rise to comparatively little subjective disturbance, except the 
noises, which sometimes are heard by the patients themselves. In 
the lower extremities the effects of the overplus of blood and damming 
back of the venous circulation are more pronounced. 

Gangrene of the digits and periphersJ parts occurs occasionally, 
but very rarely, indeed, in comparison with the frequency of this 
occurrence in arterial aneurism. As a whole, an indolent career — 
’•0 tendency to progressive enlargement, no tendency to rupture, no 
tendency to spontaneous peripheral gangrene— is the general char- 
acteristic of t^ type of aneurism. 

Experimental Arteriovenous Aneoiiami.— Three types of a^rio- 
cnous aneurisms have been reproduced experimsntsi^: : (1) lAterid 
‘brect) arteriovenous anastomosis or aneurismal varuE|. (2) lateral 
‘iiediate) arteriovenous anastomosis with intermedisty tee (varicose 
ueurism); (3) end-to-end aSrtwiovenous anastomosia br unitteinmal 
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arteriovenous anastomosis. Biterminal arteriovenous anastomoses 
are to be classed in a group apart with the vascular transplantations 
or grafts (see section on Arteries). The object aimed at by experi- 
menters in establishing these anastomoses has been quite different 
according to the point of view: (1) To study the physiologic phmiom- 
ena resulting from the abnormal conditions of the circulation. In 
this category must be included the early experiments of Frangois 
Franck (1881-1887), Vignolo (1902), and of Franz (1905), in all of 
which most valuable data were obtained of practicfd application to 
the symptomatology and clinical history of the disease. (2) Artificial 
production of arteriovenous anastomoses with the view of utilizing 
the venous channels as carriers of arterial blood when for any reason 
the arteries become functionless. The object here was to determine 
to what extent the conditions of the circulation could be reversed so 
that the veins could be made to act as arteries. All these observers 
were impressed with the comparative benignity of simple direct 
aneurismal varices and their tolerance by the organism without ^ous . 
evil effects for indefinite periods of time. In this category San 
Martin y Satrustegui, of Madrid, stands first. B^rard and Carrel, 
Jaboulay and Briau, Gallois and Pinatelle, Goyanes, all largely 
inspired by the previous efforts of San Martin and Jaboulay, con- 
tributed experiments to this entirely new therapeutic phase of the 
problem of "arterialmng” the veins. It was reserved to Alexis Carrel 
(1902), however, to elaborate a simple method by which arterio- 
venous anastomoses could be accomplished with unfailing precision 
and without secondary thrombotic obliteration (see Carrel’s Method, 
Surgery of the Arteries). It is this method which has been adopted 
by ^ the laboratory workers who have since succeeded in repeating 
Carrel’s experiments in vascular anastomosis and grafting. Jaboulay 
and his followers were also inspired by the idea that in cases of cerebri 
softening from obliterative endarteritis or thrombus of the circle of 
Willis or after ligature of the carotids, the functional disorders con- 
sequent upon cerebral ischemia might be averted by irrigating the 
brain with arterial blood injected through the jugular vrin, the 
circulation being reversed in the neck by anastomosing the central 
end of the carotid to the peripheral end of the jugular. While it does 
not appear that this procedure has been attempted clinically in man> 
though experimentally successful in animals, the reversal of circula- 
tion has bMn attempted at least twelve times since San Martin first 
tried it in the femoral vessels in 1902 for the purpose of arresting 
progressive gwgrene of arterial origin in the lower extremitiee* 
While these clinicid experiments do not appeiur to have been crowned ; 
with much success, as far as the effect in arresting the gangrene is, 
concerned, they have shown that the technic of arteriovenous anaist^:? 
mosis is perfectly feasible in the human subject, and that in the oliiii<^ \ 
as in the laboratory, the veins can be depended upon as reliable sid^^' 
stitutes for damag^ or obstructed arteries. While it is doubt{#| 
that t^ arterialization of the veins in a complete histologic, swj^: 
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including the capillary circuit, will ever be realized, even under the 
niost favorable circumstances, on account of the innumerable anasto- 
moses between the superficial and deep venous plexuses, as Delbet 
has pointed out, these experiments are of capital importance for the 
future progress of surgeiy in proving the reliability of the technic of 
arteriovenous anastomosis and transplantation.- 

Symptomatology. — An extremely variable period may elapse 
between the infliction of the injury and the appearance of the signs, 
which indicates that an arteriovenous anastomosis has been estab- 
lished. In a study of the arteriovenous aneurisms of the subclavian 
compiled by myself (18 cases up to 1902), the characteristic thrill 
was fully developed four hours after the injury (revolver bullet) in 
my own patient. In 3 cases the sign appeared on the second day, 
in 3 on the third day, in 1 on the eighth, and in 1 on the ninth day. 
While the symptoms of arteriovenous anastomosis may appear almost 
coincidently with the injury, it is far more frequent that an interval 
of weeks should elapse, and months and years have elapsed in a few 
very rare cases. As the wounds that lead to arteriovenous aneurism 
are usually punctured or gunshot with long narrow tracts, the primary 
bleeding is rarely excessive or very alarming, even when the great 
vessels, like the subclavian, carotid, or femoral, are injured. In 
modem warfare primary hemorrhage froih the wounds caused by 
projectiles fired by small-bore rifles rarely require the primary ligation 
of the vessels. As a rule, the hemorrhage subsides after the applica- 
tion of moderate pressure and of the dressings. The wound heals 
without reaction, while the edges of the perforation in the artery 
and vein become agglutinated to each other, any possible temporary 
obstacle to the anastomosis by clots being quickly overcome by the 
onrush of the arterial current. Ordinarily a locfJ swelling is found 
at the seat of injury, at first diffuse, and continuing to enlarge in the 
first few days. Ecchymoses and visible discolorations of the skin 
will be recognized when the injured vessels lie near the surface. The 
swelling in a few days will gradually become better defined, hiu^er, 
and distinctly circumscribed. The process of limitation and contrac- 
tion may continue, the sac becoming stationary, or ultimately dis- 
appear, and a pure varix be the result. Occasionally the opposite 
course wiU be followed and fmsh extension takes place, as evidenced 
by enlargement of the tumor, with disappearance of sharp definition, 
by softening, and pain. The natural termination in such a case 
would no doubt be rupture and possible death in some regions and 
loss of limb in others. The tendency to contract and to the Umitation 
of the process is by far the most frequent event. 

Thrill. — If the swelling or wounded area is palpated, the estab- 
lishment of the anastomosis will be made knoum immediately, by the 
thriU transmitted to the fingers on palpatiom Tlus peculiar puimg 
thrill, as it is well called, is psthogm>nionic of arteriovenoim aneurisms : 
whenever it is felt, and, md^, it. is rtuely abamt. T%is tlurill is 
Appreciated, both by the ^ctile and auditory sense, wh^ the vein oit 
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the peripherai or proximal side of the anastomosis is exposed, as in 
operations; it becomes appreciable to the eye as well by a 
vibration in consonance with the thrill felt on palpation. The thrill 
is always felt with maximum intensity at the seat of the anastomosis 
and is intensified with each cardiac systole. On auscultation, in 
addition to the thrill, a continuous bruit is heard, which is reinforced 
with each systole of the heart. This murmur, which has been corn* 
pared to the sound produced by a bee in a paper bag, or the “whirr” 
and “buzz” of machinery, is just as characteristic of arteriovenous 
aneurisms as the thrill, and when the murmur and the thrill are 
present together the diagnosis is unmistakable. The constant 
whirring bruit presents, however, marked variations in pitch and 
strength, which accounts for the variety of impressions it has conveyed 
to different observers — “the purring of a cat, ” “the droning of bees, ” 
“the humming of a top,” etc. These noises in aneurisms of the 
carotid and subclavian regions are frequently heard by the patients, 
who complain of them as the only inconvenience from the disease. 
When an arteriovenous anastomosis exists in the subclavian, the 
murmur and thrill will be heard in all the superficial veins of the neck 
and arm down to the hand. In the femoral region it will diffuse 
itself to the ankle and up to the umbilicus. Sometimes, though very 
rarely, the murmur may be so intense that it will be heard over the 
seat of the anastomosis by listening close to the akin with a stethoscope, 
but without touching it directly. The thrill, bruit, and all the signs 
of arteriovenous aneurism may be made to cease completely by com- 
pressing the orifice of communication with the toger-tip. The 
elevation of the limb, according to N^laton, is sufficient to transform 
the usually constant murmur into an interrupted one. 

Different theories have been proposed to account for the peculiar 
noises and thrill which characterize this class of aneurisms. Webber, 
Maray, Gheauvau and Mil, v. Wahl have shown that the sounds are 
produced by vibration of the blood, and not the vibration of the 
edges of the membrane bordering the fistula. Franz states that the 
thrill and murmurs depend upon the free flow of arterial blood in the 
central segment of the vein. The peripheral segment of the vein is 
not related to these phenomena. The murmur is transmitted in a 
centr^ugal -direction, even when the peripheral portion of the vein 
is transposed purposely, as in experimental work. When the central 
segment of the vein is closed to the arterial flow by ligature or by 
thrombosis, then the continuous murmur becomes intermittent and. 
loses its venous blowing character (Franz). 

Changes in the Pulse. — ^The arteries and veins above and below 
the i^t of the anastomons usually present marked changes. On the 
proximal side of the aneurism the arterial pulse is ftill and strong, morS 
marked thah oh the normal side. The coinpresrion of the artery on the 
proximal side wiU also suppress the tumor, if it exists,, as well as all . 
the aneurismal phimoniena. If the artery is felt below (on the distill ; 
side of the .tumor), the pulse will be found to be weaker and smslls^'t 
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The compression of the artery on the distal side near the sac will inten- 
sify the pulsation, thrill, and all the aneurismal signs. The superficial 
veins above and below the sac are dilated, sometimes tortuous, and 
pulsate synchronously with the arterial pulse. 

The sphygmographic tracings, as taken by Franz in his experimental 
researches, show: (a) Anacrotism (Ebenan), which is interpreted as the 
effect of the arteri^ blood on the peripheral portion of the vein, and in 
varicose aneurisms with an intermediate sac an expression of the effect 
on the wall of the latter, (b) The graphic curves of the central venous 
and peripheral arterial ends agree in so far as they present a low wave- 
like line. 

The circulatory disturbances produced immediately after the estab- 
lishment of the arterial venous fistula cause an immediate lowering 
of the peripheral temperature; however, a certain compensation soon 
follows. This compensation may, as far as the collaterals extend, pro- 
duce over the siJte of the anastomosis an increase in the temperature on 
the affected limb; the parts of the extremity farthest removed from 
the anastomosis always show a decreased temperature. 

Remote Effects on the General Circulation. — Disturbances of a 
grave character must follow in the general arterial blood-pressure when- 
ever the arterial blood-stream is directed from its proper course in the 
arteries to the venous system. Thus Carrel saw death follow promptly 
in dogs when a direct end-to-end anastomosis was established between 
the abdominal aorta and vena cava. The capacity of the venous system 
being so much greater than the arterial, and the pressure of the venous 
blood so much lower than the arterial, it is easy to conceive that the 
arterial stream may all be drained into the venous side, leaving the 
arteries practically empty. Grave disturbances have been noted in 
arteriovenous aneurisms in which the larger vessels were involved, the 
circulatory disturbances being proportionate with the size of the orifice 
and the volume of arterial blood side-tracked into the veins. These 
general disturbances are manifested chiefly by a tendency to faintness 
and rapid pulse, the pulse oscillating between 120 and 130 in' many 
cases, until an adjustment of conditions or tolerance has been established 
(Mal^, Freyer). In the smaller vessels, or when the orifice of com- 
munication is small, the general disturbances are' insignificmit. The 
local effects also vary with the degree of obstruction placed upon the 
return venous current by the incoming arterial blood-stream, and also 
by the amount of blood deviated from the main arterial channel at the 
seat of the anastomosis. It is evident that the greater the deviation 
of the blood-stream the more marked will be the effects of venous 
obstruction and arterial ischemia. These local effects a^ manifested 
ss varices, edema, followed by thickening and connectiv^tissue hyper- 
plasia. Sometimes an elephantiasic condition develops aS/the^result at 
persistent venous and lymphatic stasis. Dusky diswloraridn <x j^a- 
notic hue in the legs has occaripnally been nptie^. Hypothemua is 
subjectively expressed as a genwal sensation of cold: in tiie ^bsJb^o^ 
the anastomociB. The <»i4rsdietoiy - evidenees of ^ammui, Knahlc, 
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and Bardeleben, who found the temperature loww (4 to 8 degrees less 
on the affected side), and of Broca and Delbet, who found it increased 
in popliteal aneurisms (2 to 4 degrees), are reconciled by the 'experi- 
mental evidence of Frans, who shows that, while the temperature at the 
seat of the fistula may be actually increased by collateral compensation, 
it is alwa3rs lower and below normal in the distal part beyond the 
aneurism. We have already referred to the secondary changes which 
occur in the lower limbs especially as a result of arterial ischemia and 
venous congestion— all the dermal changes (desquamation, eczema, 
and trophic ulcers) which accompany chronic varicose veins are asso- 
ciated with progressive muscular atrophy, emaciation, paresthesias, 
neuralgias, formication, and physical disability— all testifying to the 
defective nutrition of the limb in the more typical and advanced 
cases. 

Diagnosis. — ^The diagnow of arteriovenous aneurism in typical 
cases is very easy and offers no special difficulties. Given the history 
of injury over the path of large vessels, the attention of the observer 
and posmbly of the patient himself will at once be attracted by the thrill 
felt over a large area in the vicinity of the arteriovenous communication. 
The combination of (a) purring thrill, (b) continuous buzzing or mar 
chinery murmur reinforced by each 83rstolic contraction, (c) the wide 
centrifugal transmission of the murmur, and (d) pulsation of the super- 
ficial veins will clinch the diagnosis. 

The differential diagnosis between aneurismal varix and varicose 
aneurism can only be made out clinically when the vessdys are situated 
superficially. Aneurismal varix is characterized by the presence of a 
vaguely outlined semispherical swdling, which may be felt through the 
skin or the cicatrix and rarely exceeds a walnut in size. It cmi be made 
to disappear by gentle steady pressure. It may also be made to dis- 
appear by comjMTesrion of the main artery on the proximal side, the 
swelling reappearing after the removal of the compression. Com- 
pression below, on the artery or vein, will increase its size and intensify 
all the aneurismal signs. If the point where the thrill and murmur are 
heard with the greatest intensity is compressed directly, all the ph3r8ical 
phenomena will cease at once (Vanzetti’s sign). 

In varicose aneurisms the tumor formed by the intermediary sac 
is larger; it cannot be altogether reduced, either by direct compression 
or by compression on the proximal si^ of the artery. Vanzetti's 
sign cannot be obtained as readily as in varicose aneurism. In 
some^ comparatively rare cases, in spite of the long existence of an 
arteriovenous anastomoris, varicose vmns may exist, and yet no murmur 
or thrill be present when the venous segment on the central side of the 
anastomosis happens to be obliterated. The case may then be readily 
mistaken for varicose veim (Delbet, Terrier). 

From arterial aneurisms the differential diagnotds is made by the 
purrmg thrill and the continuous “ machinery, bruit, which is reiit* j 
forced by each systolio contraction and is propagated centrifugaUy anid;^ 
een^petelly along the veins. In addition to the absence of aU the(W=: 
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accessory signs, the murmurs heard in arterial aneurisms are iiUermittent 
and heard only during the cardiac systole. 

From cirsoid aneurisms the diagnosis is made by the fact that a 
bunch or congeries of vessels enter into the. formation of this tumor, 
which originates vine trauma, and in special locations, scalp and face, 
and is not limited to isolated surgical trunks. 

Prognosis. — The relatively benign course and tendencies of simple 
aneurismal varix have been recognized by all observers. The fact that 
individuals may tolerate this lesion indefinitely, especially when situated 
in the neck and upper extremities, with little or no inconvenience, 
has not only been well substantiated by the accumulated experience 
of the past, but is judged so favorably from the prognostic point of 
view that a considerable number of experimenters and practical 
surgeons have not hesitated to create artificial aneurismal varices, 
deliberately planned and executed, with the hope of utilizing the veins 
as substitutes for obliterated or damaged arteries. 

Varicose aneurisms, on the other hand, should be regarded with 
more prognostic reserve and caution. While, unlike the pure arterial 
aneurisms, they rarely tend to enlarge or rupture (unless the artery 
undergoes aneurismal change), the blood entering the false sac readily 
finds its way into the venous lumen, so that the full force of the blood- 
pressure is never brought to bear upon the walls of the sac. Bramann 
and Oelbet have shown that the benign tendencies of this class of 
aneurisms have been exaggerated and are rather relative than real. 
They have reached the conclusion that even aneurismal varix is always 
associated with local disturbances of function in the affected limbs or 
regions, though it must be recognized that in many of these the incon- 
venience and disability is remarkably insignificant. In contrast with 
the relative benignity and tolerance of these arteriovenous, communi- 
cations is the fact that they rarely tend to spontaneous cure (Broca, 
Bramann, Delbet), though the experience of the last few years in 
military practice has shown that in aneurismal varix spontaneous cure 
may be expected in a certain percentage of the cases. Spont^eous 
cure in varicose aneurism cannot be expected, as the spontaneous 
coagulation of the sac contents is made practically impossible by the 
great activity of the intra-oneurismal circulation. In the lower 
extremity, where the evils of venous stasis combined with uterial 
ischemia are much more severely felt than in the upper extremity, it is 
evident that interference is fully justified before the evil effects of the 
varicose state have been fully established. 

Treatment. — ^AU the methods of treatment which have heen 
proposed for the cure of arterial aneurism have likewise beoa applied 
to the arteriovenous variety. Eariy in the surgical history of this 
condition it became ^>parent that the methods of boimpreerion and 
ligature, which were fairly successful.in the treatment <xf arterial Mien- 
risms, friled rignally to cure sr^ovenous aneurisms, and th|ri wh«a 
they did succeed, by obliterating the main vaaeular liracts, the d&M^ 
trous effects upon the, pei%>hei:^ oizottUtbnrr:gju^pre^^ 
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greater than those which followed the same procedures in pure arterial 
aneurism. It is not surprising that in the face of bitter and disap- 
pointing experience conservatism and abstention from operative inter- 
ference should have become the rule of practice. This ‘‘notable dis- 
inclination to interfere in aneurismal varix and varicose aneurism, which 
characterized the attitude of the older surgeons, even long after the 
ligature of the blood-vessels had become a possible and successful 
operation,^’ was encouraged and supported by the fact, long established 
by clinical observation, that in a large percentage of these cases the 
abnormal arteriovenous communication was remarkably well tolerated 
by the organism, and that the existence of such a lesion, even in the 
more important vascular tracts (carotid, subclavian, iliac, femoral), 
was not incompatible with a. long and useful life. The tolerance and 
relative indifference which may be exhibited by a large number of 
individuals to the simple type (arteriovenous fistula) of this vascular 
lesion, when contrasted with the uncertainty and the risks which attach 
to the operative treatment of this condition, especially when the lesion 
involves the great vessels of the neck and root of limbs, still justifies 
a conservative and discriminating atti^de. 

While there is a considerable divergence of opinion on the question 
of interference or non-interference in arteriovenous aneurisms, one 
phase of the question has been definitely decided by the collective and 
overwhelming testimony of the military surgeons in recent wars-^viz., 
that arteriovenous injuries, like simple arterial wounds, should not be 
interfered with as long as they are not associated with diffuse or pro- 
gressive hemorrhage (Makins, Bornhaupt, Brentano, Saigo, Kikuzi). 
The wisdom of this policy has been so well attested by the results 
that its application to civil as well as military practice is desirable. 
As long as there is no urgent primary or secondary hemorrhage delay 
is advantageous, not only to allow the injured tissues to recover from 
local shock, trauma, and infection, but to favor the development of the 
collateral circulation. By “armed expectation” the tendencies of 
the lesion toward evolution or involution are observed, the possibility 
of spontaneous cure under appropriate treatment is encouraged, and 
the development of a defective collateral circulation is artificially pro- 
moted by the surgeon (digital compression on the proximal side, so 
niuch insisted upon by Bramann and the surgeons who have followed 
him ( 188 ^, especially by Kikuzi, Saigo, and other Japanese surgeons, 
as a preliminary to operative interference) . In all recent cases of arterio- 
venous injury, especially those involving the great vascular trunks of . 
the neck ^d lower extremities, in addition to the careful antiseptic 
and occlusive treatment of the wound with the view of obtaining pri?- 
mary union, the patient should be given the benefit of the most complete 
circulatory and functional (local) rest, as far as possible. Immobili- 
zation should be^ obtained, with gentle but firm pressure over the anas- 
tomotic connections, using plaster-of-Paris dressings, if necessary, for 
this purpose. Should no further extension or, what is more likely, 
should contraction and diminution occur, it will be well to continue this 
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treatment for some weeks at least (Makins). I am thoroughly in 
accord with Makins, who says: “My own opinion is strong and to the 
effect that none of these operations [proximal and local ligature and 
direct incision] should be undertaken before a period of two or three 
months after the injury unless there is evidence of progressive enlarge- 
ment. In every case which came under my own observation progres- 
sive contraction and consolidation took place up to a certain point 
under the influence of rest. When the process has become stationary 
and the surrounding tissues have regained to a great extent their normal 
conditions, the operation is far easier and more likely to be followed by 
success.” Not only are more favorable conditions obtained by delay, 
but even complete symptomatic cure, as shown by ancient as well as 
recent experience, can be obtained, which is tantamount to an actual 
cure. On the other hand, nfhile delay and' non-interference is advised 
■for suitable non-active aneurismal varices, we must not lose sight 
of the fact that all arteriovenous aneurisms involve the artery in 
the injury, and that pure arterial aneurism, with its progressive 
tendency to rupture and hemorrhage, may develop after a period of 
apparent quiescence. Operative interference is indicated and becomes 
mandatory whenever a varicose aneurism shows a tendency to progr^ 
sive enlargement, when there are signs of venous stasis, varicose veins, 
and trophoneurotic disturbances in the limbs, and, in fact, whenever 
functional disability of any sort is caused by the arteriovenous lesions. 

Whenever this occurs, and operative treatment is decided upon, the 
next question which suggests itself is. What is the best treatment? 
Formerly the risk of hemorrhage, shock, infection, and gangrene faced 
the venturesome operator, and a frightful mortality followed in the 
wake of what were seemingly the simplest procedures. Hemorrhage, 
infection, and, to a large extent, shock have been eliminated by 
modem technic, but unfortunately gangrene still remains a menace and 
penalty whenever methods are adopted which obliterate the main 
channels of the circulation, either the artery or the vein, or both. 
Hence the preference that must be given to any method which 
will obliterate the anastomosis without interrapting the continuity 
of the parent vessels. This ideal result can be obtained wherever pro- 
phylactic hemostasis is possible, either by (1) direct incision over the 
aneurismal varix, with careful isolation and dissection of both parent 
trunks and ligaition of the intermediary connecting channel (Liddell’s 
suggestion), only applicable to very rare cases of simple aneurismal 
varix; (2) direct incision over the aneurismal varix, with metirpation of 
an intermediary sac when this is present, isolation and dissection of 
the vessels, followed by separate suture of the arterial and venous 
orifices by lateral arteriorrhaphy and phleborrhaphy. This ideal 
method has been carried out successfully by a number of operators— ^vis., 
Zoege von Manteuffel (1895), femoral vessels; Cammagio (1898); femoral 
vessels; Q^rard Marcbant (18^, brachial suture; Penguies, of Amiens 
(1900), who operated at the bend of the elbow, suturing the artery and 
ligating the vein; Matas, of New Orleans (1902), who sutured the sub- 
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clavisD vein and was compelled to ligate the artery on each side of the 
anastomosis; Koerte (1904), who detached a popliteal varix and sutured 
each vessel separately; Oliver, of Uruguay (1904), who sutured the 
femoral vessels separately; J. A. Danna, of New Orleans (1905), who 
sutured the femoral vessels separatdy; Garrft, of Leipsic (1906), who 
extirpated a large sac, ligated the vein, and restored the continuity 
of the artery by lateral suture (Fig. 99); again by Matas (1907, unpub- 
lished), who restored both vessels in Hunter’s canal by lateral arterior- 




TtiriArt. 



Fio. M.— ^EkciBxoH or Sac in VARXooai Annuribii, with Rsibction or tbb Vbxm, whicm 

WAB LiOATBD. 

LftteiNl Butura of openinc in the arteiy (Qan^). Doutsoh. Zeit. Chir., Bd. bazU.. Hft. 46. : 

rhaphy and phleborrhaphy. In all these casM the artonovenous aneu- 
risms were of traumatic and recent ori^. " In a different category . 
must be placed the first and most notable case operated upon by J> Bv : 
Murphy, of Chicago (1897), ha which the femoral vein at Scarpa’s tiian^ ;''; 
was sutured laterally and the artery, too much dainaged fdt;iat«^£| 
suture, was resected and united by invagination; ^Lexer, 

(1897), aisp reports a case of poplitetd aneurism involving 
(Hg. 90),. in which both vessels were united after r^ection 
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end-t(>«nd arteriorrh'aphy and phleborrhaphy (Payr’s method). (See 
Treatment of Aneurism.) By the preceding methods excellent results 
(all successful without gangrene) have been obtained, but in many 
cases not without inflicting very severe and extensive traumatism (see 
Garre’s and Lexer's cases). To ob- 
viate the damage done to the peri- 
vascular tissues, especially when in 
old cases false sacs had formed, 
the method of endo-aneurismorrhar 
phy or intrasaccular suture should 
prove highly advantageous (Gess- 
ner's case. New Orleans, 1906). In- 
stead of attempting an extirpation 
of the sac, the rum of the operator 
should be simply to open it and to 
obliterate by suture all the openings 
which may be found in its in- 
terior (see Endo-aneurismorrhaphy). 

The accompanying illustrations and 
legends, copied from W. S. Bick- 
ham’s admirable contribution on the subject, show plainly how this 
very simple principle of suturing (instead of ligating) vascular orifices 
can be advantageously applied tq both aneurismal varices and varicose 
aneurism. When both vessels (artery fmd vein) have been divided, and 
the continuity of the parent trunlm has been completely interrupted, a 



Fig. 100. — Extibpation or an Artebio- 

VBNOUB AnRUBIBII “ EN BLOC," THE 

Artery and Vein Ligated Above 
AND Below the Sac Bevore Extir- 
pation (Lejan). 



Fig. 101. — ^The Ligation op the Artery and Vein Above and Below the Wound in Each 
Vebbel in Arteriovenous Aneurism. 

iotrsaaoeuUr ligEtuis, or method of Syme-AnBEndale ; also known as the .** Japa nsse 
of Kikuii." 

sac will form between the divided ends of the vessds, in which, on opmi- 
ing the sac, the four orifices of the divided vess^ should be sObght for 
and sutured. The usual practice, has been tq exthfpate the sac end 
hpte the four vascular stumps separately. This procedure may damage 
tee collateral rirculation unnecessarily .and imperils the Umb,. whereas 
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intrasaciMilHr suture (obliterative aneurismorrhaphy) obliterates the 
orifices and the aneurism without interfming with the peri-aneuris- 
mal circulation. The success obtained by Annandale years ago, and by 
on a much larger scale, by the method of intrasaccular ligature 
(see Fig. 101), and by Saigo and Tanaka, with extirpation, all argue well 
for the success of the intrasaccular suture in arteriovenous aneurisms, 
because it accomplishes not only all that is done by the ligature, but 
also with far greater amplicity than the Ugature. Furthermore, the 
suture will permit the restoration of the continuity of the artery when- 



Fio. 102.— Vabioobb Anbukibm Ttpb of AsTBBiovBifOYrs Anbobisii of Lsrr Oomioif Fbmobaxs 
Abtbry and Vbin, Bhowino thb Appucation to TBiB Clam of ANBURniis of tbb Hatab 
Mbthod of Opbrating upon Ordinary Anburibmb. 

Tlie opening of the femoral arteiy into the common RnenriBrnal wo is ahown on the ri^ti. 
with intemipted Lambert nit eutune in poeition, rwdy to be tied. The openiM of the femonl 
vein w seen on the left, with umilar Lembert raturw in position. On the l«t of the sac two gut 
euturw are in the act of being placed, which, when tied, wili approximate the roof of the aao 
(including skin and intervening tissues, which are not here shown) to the floor of the sac. Stoilar 
auturee will approximate the roof and floor of the sac upon the rig^t (Bickham, in Ann. of Suig.f. 
ICajr, loot), 

ever the conditioii of the vessel will justify it. When obliteration alone Is 
possible, the suture of the orifices in the sac will interrupt the main chan- 
nel within the strictest minimum space compatible with reliable hemo- 
stasis. Those who have had spedal experience in the technic may, in 
some cases, find it feaable to resect the anastomotic segment and reunits i 
the artery and the vmn. by circular suture (Lexer’s case). In otherH 
eases autogeme or heterogenic grafting or venous transplantation may^^ 
be indicate when the damaged vascular segment is so large that 
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.eontinuity of the vessel cannot be restored by unaided arteriorrhaphy. 
These later methods, grafting and transplantation (see Treatment 
of Aneurisms), are simply mentioned because they are suggestive and 
show the trend of professional aspiration, which is aiming at accom- 
plishing a cure of aneurism by ideal methods^, e., without interrupting 
the great avenues of the circulation. 

To summarize the principles that should govern the treatment of 
arteriovenous aneurism: 



Fko. KB.— AmmuiMAL Vabk Tm or AamnovniotiB Ansobihi or Lair Oommon Famnuii 
Artbiiy and Vais, Showind tbn Application to thm Clam of Annubibmb of tbs 
Matab Mdthoo of Opbbatino upon Oboinart. Annubibmb. 


The opening of the femonl Artery into the variooeedyein is shown, with interrupted Lembert 
cut sutures in position, ready to be tied. The longitudinal incision in the vein or approaching the 
artoovenous (mening (and which is here made somewhat unnecessarily long) is diown in the aet 
« being closed by two methods of suturing ab o v e, by the continuous Lembert of the outer coals; 
Mow, by interrupted ordinary sutures of the outer coats (Blekham, in Ann. of Suig., May, 1904>. 


(1) Arteriovenous varices (simple aneurismal varices, more espe- 
cially of the neck and upper extremity) should not be disturbed or 
interfered with surgically as long as th^ do not cause annoying or 
menacing symptoms or function^ disability. 

(2) Shortly after the injury ^orts should be made to fav(v spon- 
taneous eure ^ gentle pressurebver the anastomoms and oh the main 
artery on the ptommal ade of the anastomosis (Vanietti’s method), 
or by simple digital compresaon of the main art^ on the piroximid 
'’ide, rest, and immobilizatiOB. ' 
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(3) When ai gna of progressive enlargement of the tumor (in varicose 
aneurisms) and other objective or subjective evidences indicate that 
operative interference is required to arrest its progress, that procedure 
should be preferred as the method of dection which will obliterate the 
arteriovenous anastomosis without interrupting the continuity of 
the parent vessels (endo-aneurismorrhaphy) for varicose aneurisms; 
incision with lateral arteriorrhaphy and pUeborrhaphy for the simple 
aneurismal varices. 

(4) When the damage done to the vessels is so great that the restora-. 
tion of the lumen is impossible by any of the methods of intrasaccular 



Fiq. 104.~-Same as Fig. 10^ showing a continuous T^embert gut suture, which, having been 
pasBM throui^ the outer coats of the thiokoied vdn at the an|^ of junction of vein and artery 
and knotted, is passed on between the coats of the vein until its varioosed cavity is entered very 
near one end of , luid immediately above, the first tier of interrupted sutures, and is then made to 
bui^-in this first tier and itself in continuous Lembert fashion and, emerging at the opposite angle 
of junction of vein and artery, is tied in the same manner as at its entrance; this suture is not ^ 
tiipitened throui^out (Aokbain, in Ann. of Surg., May, 1004). 

suture (restorative and reconstructive endo-aneurismorrhaphy), oblit- 
erative aneurismorrhaphy is to be preferred for old weU-formed 
sacs; the intrasaccular ligature on each side of the vascular orifices 
(Syoie, Annandale, Kikuzi) for recent, thin, and ill-defined sacs and 
traumatic pulsating hematomata. 

(5) In some aneurismal varices, which are embedded in masses of / 
cicatricial or fibrous tissue too dense to permit of a dean dissection of 
the vessels entering into the anastomods, resection of the anastomo^'; 
may be ^necessary, with ligation of the afferent and efferent trunJot J 
In such cases an effort should always be made to restore the continil^/ 
of the vessels or df the artoy, at least, by dreular or end-tPr<^ii^ 
suture* If the ojierator feds himself competent to try transplaiitajtl^^' 
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or grafting, he should not sacrifice the satellite vein, even if this is 
available, but secure a segment of a vein from some other region of the 
body (saphenous, basilic, cephalic, external jugular). 

While I realize that the methods of surgical treatment herein 
advocated are a decided departure from the recommendations of 
classic authorities (Delbet, Bramann), who advocate as the meth(^ 
of election extirpation and the quadruple ligature, I am convinced that 
the best results will follow the application of the methods of suture 
. which will cure the disease and yet leave the great vascular channels 
undisturbed. Furthermore, failing to accomplish this, the ligature 
at the seat of the lesion still remains practicable, therefore, the results 



Pio. 105. — VABioon AmiTimw vr Lbr CoyiioN FbmobaIi Amtut *wi> Vam, TaBATad bt Ex- 
ciBioN or THE Sac, Followed by Soturino or the Opemincm in the Vebbelb. 

Upon (he risht, e bdibII elliptic piece of (he coo is shown connected with the arterial openins, 
with the first tier of interxypted Lembert gut sutures in position, ready to be tied. Upon the 
' ‘ I been left connected with (he venous opening. T 


lat. a similar dlliptio piece of sac has been connected with (he venous opening, 
of Lembert sutures has been tied, and a second tier of ordinary sutures through 
being applied, bunring-in the first tier. Fig. 106 Is (he same as Fig. 102, with the sac 
ham, m Ann. of Burg., Hay, 1904), 


Jpon 1 

'Hie nnt tl .. 
all (he coats is 
excised (Blok- 


cannot be made worse than those of ligation, which is followed by 
peripheral gangrene in the lower extremities in at least 6 per cent, of 
the cases (5.66 per cent., Delbet). At one time, and not long ago, 
it woidd have been premature and injudicious to inmst upon other 
than ligature methods; the time has now come wheq the suture of 
arterial wounds or vascular injuries in aneurismal sacs has ceased to 
he a mere laboratory experiment, and wh^ this procedure eim be confi> 
dently expected firom any inteOigmt wril^trained sui^al pr^itionw. 

Addsada to fto Troatmont of Artoriovoaoiis Anattdstn;«^Baj^^ eeogutf^ 
u>g ii^eotipna, galvaniqwiietufe^ scai[«eapnie, ford pro wurot as unsuigicidjnd 
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dangerouBi thm are several methods in addition to those previously described which 
a placoi though quite secondary, in the sui^cal therapy of arteriovenous 
aneurisms. These may be classed as follows: (1) Bloodless methods: direct and 
indirect compression, including simple indirect digital compresrion, flexion, elasrie 
compression, and Vansetti's method of combined direct and indirect compression; (2) 
open methods: Vemeuil described no less than eight methods of ligature, extir- 
pation, etc., described in the section on Treatment of Aneurisms. Of the methods 
of compression, the only one which deserves to be retained in exceptionally 
favorable drcumstances is the combined direct and indirect method, suggested 
by Guattani (1771) and qnstematized by Vansetti (1863). Vansetti directs 
that digital compression be applied to the main artery on the proximal side 
of the sac, while the fingers of the other hand compress the vein at the anas- 
tomotic orifice or as near to it as possible. The object of the pressure is to 
arrest the circulation in the main artery while stopping all flow through the 
anastomotic channel, aiming at the same time to induce plastic adhesion and oblit- 
eration of the channel by the irritant effect of persistent compression. Vansetti 
cured two aneurisms by this procedure in six hours each; other cases took longer, 
forty-eight hours, and others still longer. In adopting intermittent compression, 
three, ox, or more sittings may be required before the thrill and pulsation can be 
made to disappear. Cures can be expected by this method in recent cases only, not 
later than two or three months- after the injury (Ddbet). Furthermore, the method 
is not free from risk of peripheral gangrene. It may excite phlebitis and throm- 
bosis with the attendant danger of embolism. The artery is also known to have 
undefgone repeated aneurismal dilatation after this procedure, in consequence of 
trauma, and rupture has followed or been threatened, thus precipitating an unex- 
pected operation. According to Delbet, 32 per cent, of the cases are cured if taken 
at an early stage. Brasseur (Thdse de Paris, 1905) has collected 75 cases treated 
by this method, of which 20 were cured. In 40 cases at the bend of the elbow, it 
cured 24 and fmled in 16; in the axillaiy, popliteal, and groin it failed altogether, 
and succeeded only twice in 11 femoral aneurisms to which it was applied. There- 
fore, if statistical experience is to be relied on, Vansetti's method could only be 
expected to effect a cure in arteriovenous aneurisms of the bend of the elbow, where 
it will cure over 50 per cent, of the cases. However, it is well worth remembering 
in the treatment of all recent cases in which the circulation in the anastomosis can 
be absolutely controlled by this method. The proximal ligature, which has probably 
been iqore extensively applied than any other method, has been shown to be not only 
theoretically unreliable as a method of cure but idso more liable to produce per^ 
ipheral gangrene than any other method. It is oofldemned by the statistics even of 
the present aseptic period, as shown by Stimson, Michaux, Curtis, Delbet, Brasseur, 
and von Bramann. The statistics of the ligature in the modem period are not 
more encouraging, if we are to judge by Stevenson's report of the South African 
War: 63 cases of traumatic aneurism, of which 45 were of the diffuse and 13. of the 
circumscribed variety. Of these, 33 (nearly 58 per cent.) were arteriovenous; 27 
of these were treated by ligature and one by primary amputation; 9 of the lif^ted 
eases wese followod by gangrene (nearly 33 per cent.), compelling amputaticm. 

Of all the operative methods heretofore offered, extirpation of the sac of aneiiii^ ; 
mal varix has yielded apparently the best results, except, possibly, the intrasacculit r 
ligatures of Kikusi, who states that he has had but 1 gangrene in his whole experi^ V. 
mce urith ^ aneurisms; and this happmed to be an arteriovenous femoral aneurbpi^v :: 
in which he ligated the vein, ^go operated upOn 15 arteriovenous aneaxwnjl^l^^ 
chi^ by extirpation, had gangrene in 1 treated by this method and 1 ' 

the '^quadruple" ligature of the femoral vessds. In 36 cases of extirjpatk^ 
tiw iiibd«(B period, collected by Brasseur (1905), there was 1 death, and im gMg»«^ 
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mentioned. These are, however, laigely selected cases from the literature, and not 
altogether fair for comparative purposes. Ddbet admits, however, that in 53 arterio- 
venous cases treaty by the quadruple ligature there were 3 gangtenee, or 6.66 per 
cent., which he estimates is four times less than gangrene that follows the simple 
proximal ligation on the Hunterian plan. While these three modes of treatment^ 
'^quadruple ligation,'* '^incision," and ''extirpation”— all exclude about the same 
length of the vascular tract in the artery and vein, they all stand on the same 
plane as regards the liability to gangrene. However, the traumatism of extirpation 
is so much greater than the plain intrasaccular ligature or suture (which respects 
the sac), that there must be greater risk from injury to the regional collaterals 
whenever extensive extirpations are attempted. 
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ANBUIUSMS OF SreClAL 

The Aorta* — We shall only, briefly consider in this section the 
general results obtained by the operative treatment of aortic 
nsms. The medical, symptomatic, pjaUiatiye, and; Q 
treatment, except the operative, We been suffiieieni^^ 
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in the General Treatment of Aneurism, aa the remarks there made 
refer almost exclusively to aortic aneurism. 

Before reviewing the surgioal (open) treatment of aortic aneurisms 
it will be well to present a few facts of preliminary interest regarding 
abdominal aortic aneurisms, as these are more liable, at present, to 
direct surgical intervention than the thoracic aneurisms. (1) The 
in cidence of abdominal aortic aneurism varies considerably in different 
parts of the world. (2) Aneurism of the abdominal aorta occurs 
much less frequently than aneurism of the thoracic aorta; 1: 7, in 
London, St. Bartholomew’s Hospital; to 1:4, in St. George's, and 
1: 2, in New Orleans Charity Hospital. (3) Aneurism of the abdominal 
aorta occurs most frequently in the prime of life; (4) the disease is 
11 times more frequent in. men than in women; (5) it is improbable 
that hard work, apart from sudden effort, is capable of producing 
aneurism of the abdominal aorta; (6) aneurisms of the abdomintd 
aorta, attributed to strains, are probably duo to a rise of blood- 
pressure caused by a sudden violent effort; (7) chronic intoxications 
are capable of producing aneurism of the abdominal aorta only by 
directly causing disease of the aortic walls; (8) in some cases aneurism 
is due to congenital defects, djrstrophy of the media in the vessel- 
wall; (9) aneurism of the abdominal aorta occurs most frequently 
in the neighborhood of the celiac axis; (10) it is commonly of the 
saccular type, and frequently becomes diffuse; (11) the majority 
of cases terminate by rupture, this rupture being into the retroperi- 
toneal tissues more frequently than elsewhere; (12) they terminate 
by rupture much more frequently than do cases of aneurism of the 
thoracic aorta; (13) gastro-intestinal symptoms are not especially 
associated with aneurism of any particular part of the abdomind 
aorta; (14) examination with the Roentgen rays would seem to be 
valuable only as a means of confirming a positive diagnosis; (15) the 
average course of the disease extends over from thirteen to fifteen 
months. 

Open Surreal Treatment — Ligature . — Abdominal Aorta. — ^The 
literature of this great vessel has be^ recently enriched by the 
learned and patient researches of M. Katsenstein, and the still later 
and most thorough monograph of Offergeld. In his very note- 
worthy contribution Offergeld not only confirms the results of 
Katsenstein’s previous investigations, but, by his experimental 
study of the blood-pressure after the ligation of the aorta and grMt 
wteries, shows convincin^y that the reSstablishment of the (collateral) 
circulation after the ligation of the large vascular trunks is depen4aut . 
upon a great increase in the blood-pressure above the ligature, aalt 
in the suppressed vascular territory. If the heart fails to respoj^V 
to the strain. put upon it, death o^rs from cardiac dilatation a^^d: 
insufficiency, wd the collateral circulation is hot dev^ped^ 
the result his study he concludes: that the ligature of the ab«jl^^S^; 
inal aofta below the origin of the inferior mesenteric ar^ry 
Imart mth so enormous . mi amount of work that only an abso^^H 
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healthy and functionally capable organ outlives the strain — a require- 
ment that is rarely met unless it be in acute traumatic hemorrhage 
directly from woimds of the aorta or its branches in otherwise normal 
subjects. Death after aortic ligation is ultimately due to failure 
of heart power. The few isolated instances in which animals have 
survived the ligature show, by an immense concentric hypertrophy 
of the organ, that the heart has risen to the full measure of the enoiv 
mous tax put upon it. If the heart can survive the strain put upon 
it, the collateral circulation will ultimately develop. The paraplegia 
observed after aortic ligation is not due to central spinal lesions, as 
claimed by Sarlo and others, but solely to peripheral ischemia. 

The abdominal aorta has been ligated 16 times since Sir Astley 
Cooper performed the first operation in 1817. Death followed in 
each instance, though the end was delayed to the forty-eighth day 
in Keen’s case, and to the thirty-fourth day in TiUaux’s case. If 
the patient survives the cardiac strain (which is even rare in perfectly 
normal healthy animals), he still has to face the risk of rupture or 
ulceration of the aorta at the seat of ligature with fatal hemorrhage. 
Shock, hemorrhage, sepsis, but, above all, cardiac and circulatory 
insufficiency, are the cause of death after this ligature. Keen states 
that after he had felt “the enormous rebound of the aorta in the 
narrow ligature we put on these vessels, he made up his mind that 
never again would he be tempted to tie the aorta in that way”; and 
accordingly he devised an instrument for the purpose of its oblitera- 
tion— not by a narrow ligature, but by a broad metal clamp, one 
damp behind the artery and the other in front of it, and adjustable 
by a screw. Lambotte has devised a clamp for the same purpose. 

The fact that the blood-pressure is not so high and the heart 
muscle is able to survive the strain of partial^ gradual aortic stenosis, as 
shown by numerous cases (see Tillaux’s and Riche’s report) in which 
pathologic occlusion by thrombus and other causes, as shown by post- 
mortem examinations, and that the (collateral) circulation is reestab- 
lished, if the patient survives long enough, encourages the possibility 
of better results in abdominal and low thoracic aneurisms by the 
use of the aluminum bands devised by Halsted or its modification 
by myself. The experimental results obtained by this method are 
sufficiently encouraging to foster the hope that their further applica- 
tion in practice will yield far better results than haye been hitherto 
obtained by the ligature or any Other method of treatment thus far 
suggested. These and the similar efforts of Stratton, of Oakland, Cal., 
to cure abdominal aortic aneurisms by gradwd, direct arterial closure 
with a specially devised snare-like compressing apparatus, are in tto 
I'isht taction and are preparing the way for ffiial. saoceiss by gradual 
<^cclusi(ni. ]b addition to the ligature, tiiree attempts bay» bem 
u^ade to cure abdomiiuil aneurism by the method of mtra’saeeidar 
^ature (Matas) (Losanoj of Saragoma; Munit^ of 
C'tIo, of devc^d, Ohio,, 190((), concUfiMm e*^ 
ui favorable for any operation.'’ The artjti^diiffeeeflsi^^ 
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weira obliterated by suture; but in two cases hemostatic clamps had 
to be left in situ to control bleeding; in one case from ruptured diver- 
ticula (Munro), in the other by the repeated perforation of the athero- 
matous aorta with calcareous spiculss and sharp fragments, wherever 
the clamps were applied on the vessel to control the circulation while 
the operation on the aneurism was in progress (Lozano). In Grile's 
case a formidable hemorrhage came from the collaterals in the distal 
end of the sac, which he thinks could have been prevented by peri- 
pheral compression. In suitable cases, as recognized by preliminary 
exploration, in which a typical sacciform aneurism with a single 
orifice of communication is found, it may be possible to obliterate the 
sac without interrupting the continuity of the aorta. In fusiform 
aneurisms above the renal arteries, and all those in which free access 
and control of the circulation in the sac are not easily obtained, the 
operation of endo-aneurismorrhaphy, as well as the ligature or any 
other obliterative procedure by direct intervention, is contraindicated. 

lAgaturea in the Treatment of Thoracic Aneuriems. — PermanerU 
Ligation of the Thoracic Aorta Bdow the Lrft End of the Arch (Brasdor 
Princvjfde). — Guinard, Paris, performed this operation for the first 
time in surgical history on June 20, 1004. The aorta was reached by 
a posterior thoracostomy and osteoplastic flap. As the ligature 
was drawn tight, the femoral pulse stopped at once, and the lower 
part of the body grew pale and cold, but in less than fifteen minutes 
the circulation became reestablished and the parts grew warm again. 
After the ligature of the aorta in the thorax the intercostal anasto- 
moses were sufficient to supply the abdominal aorta and the legs 
with blood, but the physiologic functions of the kidney, requiring a 
considerable degree of blood-pressure in the renal arteries, were 
totally arrested by the reduction in the intra-arterial pressure. This 
is an additional reason why ligature of the aorta above the renal 
arteries proves invariably fatal. 

With the object of removing an aneurismal sac which he believed 
to be accessible and amenable to metirpation, Tuffier, Paris, applied 
a ligature not to the pedicle, but near the summit of a saccular aneur- 
ism of the arch, 3^ cm. from the neck. The sac was not resected, 
becoming gangrenous on the fourteenth day, and the patient died 
from secondary hemorrhage on the seventeenth. As far as is known 
this case is unique in literature. 

Temporary Ligature of the Thoracic Aorta. — This has been unsuc- 
cessfully attempted by Tormi (Buenos Aires) and Villar (Bordeaux). 
(See Boinet, “Maladies des Artdres et de I’Aorte,” Brouardel-Gilbert, 
Nouveau Trait6 de M4d., Paris, 1907.) 

Ligaiure of the Iliaea. — This is an application of the Brasdor and 
Wardrop method to aneuruims of the abdominal aorta. This lign* 
ture belpw the sac has invariably proved fatal. 

The ligation of the peripheral arteries — on the Braador-Wardinip 
principle for the cure of aneurisms of the arch of the aorta has been 
studied by many authors, among them Rosenstim (Arch. Idin. 
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1887, Bd. xxxiv), Jacob (Inaug. Dissert., Berlin, 1892), Jacobsthal 
(Deutsch. Zeit. Chir., Bd. Ixiii, 1902). In France, where this method 
of treatment has received special attention, in consequence of the 
influential advocacy of Guinard and Le Dentu, the statistics of Acosta 
Ortiz (Th^e de Paris, 1892), Poivet (Th^ de Paris, 1893), of Blacque 
(Th^ de Paris, 1895), and the recent paper by Guinard (Revue de 
Chir., February 10, 1909), are especially important. In the United 
States Randolph Winslow’s paper (Annals of Surgery, May, 1891) 
is also to be consulted. The procedures which have been applied 
for the purpose of curing, not only aneurisms of the aorta, but also 
of the innominate and those of its branches at their origin in the 
mediastinum, because they all merge one into the other and are 
very difficult to isolate as separate aneurisms, may be grouped as 
follows: (1) Ligature of the left common carotid; (2) ligature of the 
right common carotid; (3) simultaneous ligatures of the right common 
carotid and the right subclavian; (4) ligature in two sittings of the 
right common carotid and the right subclavian; (5) ligature of the 
left common carotid and the left subclavian; (6) simultaneous liga- 
ture of the left common carotid and the left axillary; (7) simultaneous 
ligature of the left common carotid and the left subclavian. 

Jacobsthal, in reviewing the statistical evidence which had accu- 
mulated up to 1903, found a total of 44 reported cases in which the 
procedures above mentioned had been applied. He concluded that 
the immediate operative recoveries, with the reported cures or marked 
improvement, may be estimated in the later statistics to be 66.7 per 
cent.; with the old and the modem combined, 53.5 per cent. Of 
the 23 reported recoveries, 15 were observed until death, but only 
3 cases survived at least three years. It follows that, notwithstanding 
the high percentage of reput^ operative cures, the favorable results 
are found to be very modest on closer inspection, especially when the 
fact is taken into consideration that the natural duration of the 
disease is not always a short one — e. g., in Whipham’s case the patient 
survived sixteen years after the recognition of the disease and without 
any operative treatment. 

Guinard, whose experience (15 personal operations) entitles his 
opinion to the highest consideration, expresses hinuself as well satisfied 
^th the results of these ligatures. He especially recommends the 
simultaneous ligation of the common carotid and the subclavian on 
the right side, an operation which he first performed in 1892, and 
is known by some operators as Gurnard’s procedure. He insists 
emphatically upon the ligation of the common carotid as the first part 
of the procedure. Silk or catgut can be used; drainage is not necessary 
Unless the operation has been particularly long and difficult. The 
re.'?ults are better the greater the distance between the sneurism.and 
tl '" he^; his experience teaches him that whether the aneurism 
0;^ Tins in the arch of the aorta or in the innominate, or in the branches 

on off by this trunk, the simultaneous distal ligation of the common 
0!-- otid and the right subclavian be followed by bmiefidat results. 
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His later experience warrants him in saying that in every case some 
benefit may be expected. 

As a whole, we are inclined to conclude with Boinet that these 
various ligatures have furnished only mediocre results, with short 
survivals and temporary improvements; they constitute procedures 
of necessity, and are to be employed in those cases in which medical 
means have proved inefficient, or where the constant growth of the 
aneurism threatens the patient’s existence. 

Innominate aneurism represents 3 per cent, of all internal aneu- 
risms. Though the innominate artery is a comparatively short 
tract, the aneurisms which develop at its expense are susceptible 
of division into at least four types, which it is important to distin- 
guish for diagnostic and surgical purposes: (1) Some are situated 
at the origin of the vessel, the innominate sac blending with the aortic 
arch; (2) others occupy the terminal portion of the artery, and involve 
either the carotid, the subclavian, or both vessels, in the sac. Next 
to the first group, this is the most common form and the most impor- 
tant for the proximal ligature or Halsted’s bands, or the intrasaccular 
suture. (3) Sometimes the entire circumference of the artery is 
involved, forming a true fusiform aneurism. (4) In the rarest group, 
the dilatation remains limited to the middle portion of the artery 
(Whipham and Whiting’s cases). 

Innominate aneurisms are usually of the saccular type. The 
fusiform variety is rare. Some of the largest known aneurisms 
have sprung from the innominate. In their development they present 
two phases: the intrathoracic and the extrathoracic or cervical. 
In adapting itself to its environment, the sac sometimes assumes, a 
bilobular appearance. In one case the sac extended from the sternal 
notch to the epigastrium (Hampeis; Delbet). Participation of the 
subclavian in aneurisms of the innominate is by no means rare — 17 
per cent. (Poivet), 21.4 per cent. (Jacobsthal). The prognosis and 
the treatment in these mixed cases coincide with those of innomi- 
nate aneurism. 

The differential diagnosis of these, aneurisms from those of the 
Mrtic arch or the mixed aortic-innominate and the simple innominate, 
is far from easy, and from the surgical point of view unimportant; 
however, great assistance is obtained in obscure cases by carsfvd 
and repeated fluoroscopic examinations.. 

TreiUnmt . — The medicinal treatment is the same as that appl^ 
to aortic aneurism. Excluding wiring (Moore’s method) and the 
Moore-Gonadi method, needling and simple galvanopunctui^,: 
only surgical treatment thus far applied has been limited to $1^6 
ligature. The proximal ligature between the aneurism and the ae^ 
has been f^plied in all only 6 times. 

A<^rding to statistics, the involvement of the aorta vnth 
innominaite does not constitute a contra-indication to. . 

ligature Of the subclavian or carotids. Tbe pipgnosiB as to 
resulta in these mixed casm is unfavorable. Of tiie 12Q 
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of the mixed type operated upon by peripheral ligature, Jacobsthal 
knows of only two which have lived for more than three years after 
the operation. 

Aneurisms which are confined to the mnominate are most bene- 
fited by the distid ligature, the saccular variety being more favorable 
than the fusiform, and the small size than the large. Fortunately, 
the diagnosis of the seat and extent of the aneurism, and especially 
of the extent of aortic involvement, which formerly it was frequently 
impossible to determine and gave rise to numerous mistakes, has 
been remarkably cleared and facilitated by the E-ray and fluoroscopic 
examinations. L. Imbert and H. Pons (Arch. Provincial. Chirurgie, 
T. xvii, 1907), in a very complete review of the subject, agree with 
Quinard and Le Dentu in the decided possibility of curing innominate 
aneurism by distal ligation, and that the method of election is the 
simultaneous ligature of the right common carotid and right sub- 
clavian, beginning always with the common carotid. They do not 
dread cerebral complications after the ligature of the common carotid, 
provided the opposite carotid is not obliterated. Obliteration is 
recognized by the absence of the temporal, facial, and carotid pulse. 
Under these circumstances the right subclavian alone could be ligated, 
provided, again, that the corresponding radial pulse is felt. The 
results thus far obtained are: operative deaths, due to seccndary 
hemorrhage and cerebral complications, 15 per cent.; failures to influ- 
ence the growth of the aneurism, 30 per cent.; apparent permanent 
symptomatic cures, 22 pOT cent. Seemingly, therefore, one-fourth 
of the cases should be benefited by this procedure. 

The innominate artery was ligated for the first time by Valentine 
Mott, of New York, on May 11, 1818, for traumatic subclavian 
aneurism. The patient died on the twenty-sixth day from sepsis 
and secondary hemorrhage. The first successful operation was 
performed by Andrew W. Smyth at the Charity Hospital, New Orleans, 
La., May 15, 1864, for a subclavian aneurism. In this case the 
innominate, carotid, and vertebral were ligated for the first time. 
Septic infection and secondary hemorrhage occurred .as usual in 
those days, on the fifty-fourth day, when the vertebral was ligated, 
the hemorrhage being controlled to some extent by the ingenious 
exp^ient of the .operator, who filled the wound with shot. The 
patient left the hospital apparently cured, but returned in 1875 with 
the aneurism as large as before; the internal mammary was ligated 
without benefit; the sac, threatening to burst, was opened by direct 
incision, with the hope of plugging the opening of the aneurismal 
but in viun. The sac had to be plugged en masse, and the 
patient died of hemorrhage within forty-eight hours. 

The most reemtstatisties of ligature of the innominate are: Jaoobsthal (Deoteeh. 
2'. It. f. Chir., ixiii, 19Q2); Delaup, New Orleana (Phil. Med. Jour., Juua(726, 1901); 
Slioen, of Cardiff (Annab Surg., Janua^, 100^, aodBurna, of Memphia ^Trans: Suiig. 
wrt. Am. Med. Aent., June> 1006). Btwns, ih hia aiiihmary, ahowe the 61 

hi 'Rs the innondnate arte^ haa Seen approached with the idM of aetMtting it in a 
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Ugatuie, 11, OT 21.6 per cent., recovered; 21, or 42 per cent., suffered from wound 
infection; 6, or 11.9 per emit., died from shook, and 6 died of cerebral complications. 
Out of the tote! 11 recoveries, 30 per cent of the wounds were infected. 

Carotid Aneurisms. — I. Common Carotid Anemiams.— Aneunsms 
of the trunk are more frequent than that of its branches. Their 
relative frequency, compared with other aneurisms, is 25: 551 
(Crisp); 5: 172 (Holcombe). Aneurism, which in generd is a rare 
disease in women, is relatively frequent in the carotid region. Aneu- 
risms of other arteries occur 8 times more often in men than in women, 
but in the carotid region one-third of the cases occur in women. 
According to Guyon, the arterial tension is enormously increased 
during the expulsive efforts of labor, and the carotid is then likely 
to be strained or overstretched by compression against the lateral 
lobes of the thyroid, which is also enlarged in pregnancy. Carotid 
aneurisms almost always originate on a pathologic or arteriosclerotic 
base. The pure traumatic aneurisms are rare, except perhaps as 
arteriovenous aneurisms resulting chiefly from gunshot wounds, 
but even in these circumstances they are not frequent, at least among 
those who survive the injuries of the battle-field. Thus, Kikusi 
reports only one common carotid and two external carotid aneurisms 
in his whole collection of 85 aneurisms treated in the Russo-Japanese 
war; Saigo mentions no carotid aneurisms in his table of 36 cases. 

It has been observed at all ages, but it is usually a disease of 
advanced adult life .(forty to fifty years). 

Aneurisms may develop in miy part of the course of either carotid, 
but the favorite localities or points of election are: at the origin, 
on the right side, where the carotid is given off from the innominate; 
and on the left, where it arises from the aortic arch; then where the 
artery bifurcates into its internal and external branches. Whether 
the aneurisms develop with greater frequency at the origin of the 
carotid (Robert) or at its termination (Hodgson) is of no great conse- 
quence, but what is really important is that the aneurisms which 
develop at these two extremes are fundamentally different in their 
symptomatology, clinical history, prognosis, and, above all, their 
treatment. Statistically speaking, the right carotid is more fre- 
quently the seat of aneurism than the left, but this applies pnly to 
aneurisms of the intrathoracic portion, and even here it is possible 
that innominate aneurisms may have been included with those (ff 
the carotid by errors of dia^osis. 

Carotid aneurisms are usually of small size; they are more often 
ovoid in form, their long axis lying parallel to that of the vessel: 
They usually develop from below upward. In only two cases (Syme, 
Sorrentino) do the sacs appear to have developed from above dows^ 
ward, t. e., from the neck into the thorax. R is also very exeeptio^ 
to see a doarotid aneurism cross the median line to the opposite 
and in only two has this unusual development been 
(Deo5s and forretitino). The important relations of the artery 
sarronndings readily account for the pressure signs and the 
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modes of termination. On the inner side, the trachea, Uu^nx, esopha- 
gus, and pharynx are readily compressed, displaced, obstructed, and 
offer good opportunities for the rupture of carotid aneurisms. The 
pneumogastric, phrenic, sympathetic, laryngeal recurrent, branches 
of the brachiid and cervical plexuses, and the internal jugular vein, 
all become intimately blended with the carotid sheath and ultimately 
with the aneurismal sac, in this way contributing to the difficulties 
of extirpation or even ligation, when this is attempted in low intra- 
thoracic aneurisms. 

Treatment. — The older literature of the last century shows that 
the methods of Valsalva and Tuffnell have cured a few cases (J. L. 
Petit, Dupuytren, Huker). A most remarkable case of this kind 
is mentioned by Ciniselli, who saw a patient thirty-five years after 
he had been cured in this way by Solizolli. The patient had had the 
fortitude and the courage to remain quietly in bed eleven months, 
during which he ate only a little bread and a few swallows of broth. 
At the close of this treatment he was frightfully emaciated. The 
aneurism, which was cured at the cost of this immense physical 
sacrifice, was not larger than a small nut. Coagulating injections, 
galvanopuncture, malaxation, direct compression, have all been 
tried, and have all contributed to increase the mortality of this for- 
midable type of aneurism, in which one of the chief dangers lies in 
the tendency to the fatal liberation of emboli and thrombi in the 
bram. l^ximal digital compression, with the finger over the artery 
at Chassaignac’s tubercle, or by pinching the artery through the 
substance of the sternomastoid between the thumb and the index- 
finger (Rouge’s method), has been applied in a few favorable cases of 
high carotid aneurism, in which the artery can be compressed below 
its lower pole. The statistics of this method are particularly unre- 
liable, as it is impossible to estimate the number of times in which 
digital compression has been applied and failed, the few successes 
alone being published. Delbet mentions five cases in which he knows 
that this method has been systematically applied for therapeutic 
purposes, with three recoveries. It is a dangerous method, because 
^1 methods which cause intermittent stasis in the sac favor the 
liberation of emboli which lodge in the brain. 

Operative Methods . — The methods of treatment which at present 
claim the attention of the profession in the treatment of carotid 
aneurism are: (1) the proximal ligature (Anel), whenever there is 
sufficient space between the origin of the vessel and the aneurism 
to permit of its application; (2) distal or peripheral ligation (Brasdor) 
in low intrathoracic non-piedunculated aneurisms; (3) incision with 
double ligatura (Antyllus); (4) extirpation (Philagrius); (3) Halsted’s 
method of gradual obliteration with metallic bands, or their mqdifi- . 
Cations by Matas, and (6) endo-imeuruimorrhapby in any one otits 
three forms. The selection of the method depend, at teast^ 
ypon three conditions: (1) The tppogri^hy of the anevudsm, whetli^ 
intrathoracic or cervical, wheth^ on the r^^ side tto iiULOniinate il 
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involved with the carotid down to the aorta or not, and whether, 
on the left side, the aorta participates in the carotid enlargement; 
(2) upon the effect that the method selected will have upon the 
circulation of the brain; (3) the effect it will have upon the peri- 
aneurismal adherent structures. From the beginning of carotid 
surgery to the present time the dread of cerebral disturbances has 
invested the technically simple operation of. ligating the common 
carotid artery with a gravity and anxiety that are associated with 
few other ligations. A mere glance at the surgical history of this 
vessel will show how thoroughly justified surgeons have been in their 
fears, and why every effort has been made to limit and circumscribe 
the indications for its performance to the strictest minimum, always 
preferring to ligate the external carotid whenever the desired results 
can be accomplished by the obliteration of this relatively innocent 
branch. 

The first records are anociated with the names of Hebenstreit and Fleming, 
1803, who ligated the artery successfully for hemorrhage, the first while extirpating 
a cancerous growth, and the second in a case oS cut-throat. Abernethy, who is 
usually credited with the first ligation, operated in 1804 to hemorrhage, also with 
success. In 1805 Sir Astley Cooper ligated the common carotid for the first time 
for aneurism, the patient succumbing from hemiplegia on the twenty-first day. He 
repeated the operation in 1808 for aneurism, dividing the artoy between two liga- 
tures. The aneurism was cured and the patient recovered. 

The relative frequency with which these cerebral disturbances 
occur was: 32 per cent., of which 56 per cent, died (Fils, 1867); 
54.5 had cerebral symptoms, of which 39 per cent, died (Le Fort, 
1868); 25 per cent. (Reiss, 1885); 20 per cent. (Wyeth, 1878); 26 per 
cent., with 31 per cent, deaths (Zimmermann, 1885-:91); Kraneophul 
(1901) noted cerebral disturbances in 23.9 per cent.; Schimer (1^), 
10.3 per cent.; Lebram (1906), 24.5 per cent., of wUch 7.1 per cent, 
developed hemiplegia, and 17.4 per cent, other cerebral disturbances, 
apart from hemiplegia. After subtracting all the complications 
which are avoidable by asepsis and modem technic, we must admit 
that the occlusion of the common carotid still remains a dangerous 
procedure, which we may estimate at one-fifth of the cases with 
Delbet, or 25 per cent., with the latest estimate of Jordan (Heidelbeig, 
1907), in which no less than 10 per cent. died. How long after 
suspension of brain function by acute ischemia following a ligation 
this function can be restored is still uncertain. Wernicke holds that 
the actual disintegration of the nervous elements begins thirty-six 
to forty-eight hours after the arrest of the blood-supply. Berahahit 
expresses himself similarly, stating that absolute tissue neertl^ 

• may be arrested if the collateral circulation is established ^i!thh>‘ 
twenty-four or forty-eight hours. Marchand regards the time aUoiMlh 
for restoration of function as considerably shorter, especially 
as the gray matter of the cortex and central ganglia are conceme^^: 
All . conditions which delay or inhibit the development I 
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carotid circulation favor the occurrence of cerebral complications. 
The greatest impediment in the way of prompt development of the 
collateral circulation is arteriosclerosis. Hence, the great danger of 
this ligature after the fortieth year, as recognized by all eicperienced 
operators. In addition to arteriosclerosis, the following conditions 
may interfere with the development of the collateral circulation: 

(1) Congenital anomalies of the circle of Willis, and absence of some 
of the vessels of the brain and head, in 24 per cent, of the cases. 

(2) Functional and organic diseases of the heart (valvular heart 
lesions in 2.6 per cent, of all fatal cases). (3) Thrombosis in the 
ligated vessels, extending to the brain. (4) Emboli, which block 
the circle of Willis; these may be displaced from the sac of a coagulat- 
ing aneurism. The essenti^ cause of the cerebral phenomena is 
ischemia, followed by degenerative changes. 

To avoid the evil effects of cerebral ischemia, especiidly in aged 
patients, temporary occlusion of the carotid should be tried before 
attempting an irremediable ligation or extirpation of the diseased 
artery. This is the teaching of Halsted (1605), Jordan, of Heidelberg 
(1007), based upon their own experience and upon the evidence of 
toleration of the carotid for provisional constriction furnished by 
Singer, Reiss, and especially Crile (lOOi), who showed that the 
common carotid may be clamped for forty-eight hours without per- 
manently damaging the artery or causing thrombosis. Adopting 
Halsted’s suggestion of utilizing aluminum bands for this purpose, 
I resected the entire common carotid and its branches beyond the 
bifurcation, without complications, in the extirpation of a recurrent 
carcinoma of the neck, after tr 3 ring provision^ compression forty- 
eight hours before attempting the radical operation. As no cerebri 
symptoms developed, the operation was performed with greater 
confidence in the result; though it must not be forgotten that cerebral 
symptoms and death may occur one or two weelm after the ligation. 
Usually, however, a defective circulation is indicated by the prompt, 
if not immediate, appearance of symptoms after the provisional 
compression. If symptoms devdop, the constricting band can be 
promptly removed by cutting through the band or by removing the 
little clip which holds the end of the band together. The preliminary 
“test constriction” may be applied with the help of local anesthesia 
(^hleich solutioii. No. 1 or 2). It is important, in fact, that this 
pieUminmy test should always be made with local anesthesia, in 
order to obtain jvompt information of the cerebral effects of the 
carotid occlusion. The constriction should be made just tight enough 
to obliterate the lumen of the vessel without injuring the intima. 

In the light of this important suggestion the entire surgical 
treatment of the carotid must now be revised. In future,; no one 
will be justified in planning a deliberate operation for the cifio of 
aneurism in this perilous localit^ witbout fiM testing the efliciency 
of the jcollateral oiKulation. In att aoMnsnm in which' this upper or 
oephaUe end of . the is ^ . aU accessible, a ;Halsjbed or Mataa band 

•vouv— ai.' ■■■'• * ■■ 
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should be rolled around the artery, or at least around the internal 
carotid, when the aneurism involves the bifurcation. If no symptoms 
develop, the ring is clamped tight enough to obliterate the lumen. 
If the aneurism remains active, in spite of this distal occlusion, a 
proximal ligature should be applied and the sac extirpated, if it is 
small, but in large eaes with universal adhesions to important organs, 
veins, and nerves, the sac should be simply incised whUe its two poles 
are clamped, evacuated thoroughly, and obliterated by the intra- 
saccular suture (Matas). In low-lying aneurisms involving the 
intrathoracic origin of the carotids, inoperable in a radical sense, a 
Halsted band can be substituted for a distal ligature on the Brasdor 
plan with a view of rdieving the symptoms should they develop. 
In sacciform aneurisms in which the cardiac end of the aneurism can 
be controlled for hemostatic purposes, the ideal operation is a restora- 
tive endo-aneurismorrhaphy, by which the sac is obliterated without 
interfering with the lumen of the vessel. The reconstructive opera- 
tion, which (ums at the preservation of the main channel of the circu- 
lation, is indicated in those cases in which the preliminary occlusion 
test shows that the collaterals are inadequate. However, the recon- 
struction of the carotids out of a fusiform sac is fraught with risk 
from embolism, and a gradual occlusion with Halsted’s aluminum 
band, applied to the cephalic end of the sac, is preferable. If the 
sac remains active after this distal obliteration of the artery, then 
an obliterative endo-aneurismorrhaphy would be in order in preference 
to extirpation, for the reasons previously given. 

Delbet estimates the mortality of the distal ligature, in otherwise 
inoperable intrathoracic carotid aneurisms, at 45.1 per cent.; the 
proximal ligature on the Anel plan, in the modem period, and in a 
comparativdy small group of cases, is followed by a mortality of no 
less than 12 per cent. The mortality, which, in both instances, is 
attributable to a considerable extent to cerebral complications, should 
in future be very much diminished by the general adoption of the 
preliminary test on the Halsted and Jordan plans. 

iSxttrpolion.— The statistics of the extirpation of carotid aneurisms 
are all of comparatively recent date, and much more favorable than 
those of either the Anel or Hunterian ligations. It is, however, 
unfair to institute a comparison between ligation and extiipation 
in the' aseptic period, smce the numb» of extirpations is entirely top 
small to permit of a just estimate of its merits. Delore (Lyons, 
Revue de Chir., Janua^ 10, 1007) has recently tabulated ten ciMb 
of ertirpation of e^tid aneurisms, which have been recorded dupe 
Morris' first operation (Morris; DelagisniPre, 1806; Inouye; Kare^Mi 
1801; Walsham, 1800; La Torre, 1808; Tuffier, 1003; MendeB, .l8^; 
Delorme, 1006). ^ All these recovered except 'Diffier's case. 1^0$^ 
on this basis, estimates a mmtalHy of 10 per cent.; but without> 
extonsivli research into the literature, I Imow of at least 2 oas#>i| 
which carotid aneurinns were exti^ated with fatal results^:^^ 
no doubt a good many more could be quoted which ended 
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ably, but have not found their way into print. In the presence of 
cerebral complications, from the mere fact of carotid occlusion, ail 
obliterative measures must yield in adult subjects a mortality of 
not less than 20 per cent.; in exceptionally favorable groups, possibly 
10 per cent.' Apart from this, extirpation has the advantage over 
the proximal ligature, which leaves the distal (cephalic end) open, 
in being less subject to embolism. It is also less liable to the danger 
of secondary suppurative infection in the sac itself, a common occur- 
rence after the ligature, especially in the preantiseptic days, the 
infection spreading from the infected ligature to the sac. It is also 
superior in the permanency of cure, since relapse is impossible after 
the extirpation of the sac. On the other hand, extirpation involves 
very severe traumatisms, especially in old and large sacs, in which 
the pneumogastric, sympathetic, recurrent laryngeal, and other 
important structures are likely to be injured. For this reason, in 
large aneurisms, incision and obliteration by the intrasaccular suture 
method is a much simpler and safer procedure, and is certain to be 
followed by less shock and other dangers than either the old Antyllian 
operation or that of extirpation. 

In connection with the extirpation of carotid aneurisnu and the poedble injury 
of the internal jugular vein high up in the neck, RaaanofF’a recent auggesUon in con- 
nection with the arteat of hemorrhage of thia vcaael by temporarily luting the 
common carotid ia of decided value. In the caae of a aoldier, whoae intomal jugular 
had been cut by a atab in the left aide of the neck, he waa able to arreat an im- 
mense hemorrhage by merely constricting the common carotid in a provisional liga- 
ture. The bleeding stopped at once, and the wounded vein was found and aecured 
in a comparatively bloodless field. While in experiments on anim a ls the simple 
ligature oi the common carotid will not stop all jugular bleeding, it will greatly 
diminish it. Rasanoif’s case shows that the temporary compression of the common 
carotid wiU act as on eflSdent hemostatic in difficult hemorrhageB of the intecnal 
jugular, in which provisional hemostasis is absolutely necessary in order to find the 
bleeding point. 

Internal Carotid Aneurisms.— The aneurisms of the internal 
carotid present very different characteristics according to their 
location whether in — (a) the cranial portion of the artery or (b) in 
its extracranial portion. Hmice the anatomic and clini^ division 
into intracranial and extracranial carotid aneurisms. ' 

1. The study of the intracranial aneurism is closely identified 
with the surgical history of pulsating exophthalmos, which is the 
usual external manifestation of arteriovenous aneurism of the internal 
carotid within the cavernous sinus. These are. fully described in the 
Surgery of the'Head (Vd. III., p. 132). 

2. Extracranial Aneurwms.— These occur in the intu^ 

irorn^ its origin to its entrance into the carotid canal, y 'WMelntri^ 
cranial carotid aneurisms are reported with eomparatiye fnequeni^ 
(113 in 1000 ligations, Siegrist), thoin of ext^af portien aro of 
'^ ery rare occurrence, and aro i^dom reported. Crh^ (13^) :m(mti0ni, 
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only two cases in bis collection of 551 aneurisms. It is fortunate 
that these aneurisms are rare, 'because when they do occur, they are 
very often mistaken for other conditions with fatal results; thus, in 
11 extracranial aneurisms collected by Werner, only 6 were correctly 
diagnosticated before treatment. They are most often mistaken 
for growths projecting into the fauces or for tonsillar abscesses. 
Duke and Dubreuil also incurred the same error, with unfortunate 
results. Still rarer are the aneurisms of the vertebral which appear 
in the same locality. They are differentiated by compressing the 
carotid over the fifth cervical vertebra (Ghassa^nac’s tubercle), or 
by pinching the veml laterally through the stemomastoid between 
the thumb and index (Rouge's method). If the aneurism is of carotid 
ori^, it will shrink and stop pulsating while the compression lasts. 
Aneurisms arising in the internal carotid tract are usually readily 
explored by bimanual or combined extrabuccal and intrabucc^ 
digital exploration. 

Etiologically, these aneurisms may be divided into three groups: 
(1) Traumatic, false aneurisms; (2) erosion aneurisms, caused by 
ulceration of the internal carotid in peritonsillar and retropharyngeal 
suppurations; (3) true arteriosclerotic or so-called spontaneous aneu- 
risms. The sheltered, deep; and well-protected position of the inter- 
nal carotid easily accounts for the rarity of traumatic aneurisms. On 
the other hand, septic inflammatory processes beginning in the tonsil 
and the palate are the most frequent cause in the upper half of this 
tract, not only by erosion but also occasionally by accidental punc- 
ture of the artery made by the surgeon while evacuating tonsillar and 
palatine suppurations. The lower third of the artery is the most ex- 
posed to external trauma. 

Aneurisms may develop in any part of the artery, but the favorite 
seat of the spontaneous variety is in the normal bulbous dilatation 
and its origin at the bifurcation, the curve formed by the artery at 
this point favoring arteriosclerotic processes and secondary dilatations, 
as in other parts of the body when arteries become tortuous or curved 
in their course. When aneurisms form in any part of the artery, 
they meet the resistance of the vertebral column posteriorly, and 
consequently developing in the line of least resistance, expand for- 
ward into the palatine, tonsillar, or retropharyngeal region; or extend 
laterally betweeft the mastoid and the an^e of the jaw. 

In the. treatment of these aneurisms the same risk of cerebral 
complications which attends the ligation of the common carotid mi^ 
be reckoned with, hence the same precautions which have beett 
recommended in discussing the treatment of common carotid aneu^ 
isms^ apply here with equal force. The efiSciency of endocranial ai^ 
cervical collaterals should always be tested as a preliminary to ligatiffiA 
by a period of preliminary (mmpmsion with a small clamp or mod^^’^ 
Halsted bshd. In Iow-l 3 dng aneurisms invdiving the origin of 
vessel the band, clamp, or ligatura should be applied oh the cohid!^' 
carotid at the seat of election, that is, when it is impossible to iNiip 
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the internal carotid on the distal side, between the cranium and the 
sac. In aneurisms which leave a free space between the sac and the 
bifurcation a band should be applied on the vessel above the bifurca- 
tion. If cerebral symptoms develop, the band or clamp should be 
removed. If the occlusion is well tolerated, the band should remain, 
the aseptic pack be removed, and the wound be closed. 

The internal carotid was first ligated by Gurdon Buck, of New 
York (Amer. Jour. Med. Sci., 1850, vol. xxxi.) simultaneously with 
the common carotid, ior a wound in the parotid region. Velpeau 
(Mikl. Op., vol. ii.) also ligated the internal carotid and the external 
from a wound in the neck. Wood, of New York (1847), also ligated 
both the internal and common carotid for aneurism of the external 
carotid (N. Y. Jour. Med., 1857). Keith, who is often credited with 
the first ligation, tied the internal carotid for a hemorrhage of this 
vessel caused by swallowing a pin which perforated the artery. (For 
historic references, see L. Lefort, Diet. Dechambre, article ‘‘Carotid.” 
According to the latest contributor to this subject, Bobbio (II Poli- 
clinico, February, 1906, vol. xiii., G.), the common trunk has been 
ligated eleven times in 18 cases of aneurism of the internal carotid, 
with six recoveries. In all acute traumatisms or emergencies, such 
as in accidental puncture of the carotid while opening tonsillar or 
phar 3 mgeal abscesses, the common carotid should be immediately 
exposed and provisionally compressed with a traction loop or clamp, 
thus controlling the bleeding, while a search is made for the bleeding 
point. If the ligation of the artery at the seat of injury is impracti- 
cable, the common carotid should be tied together with the external 
carotid, and the superior thyroid, as Wyeth did successfully in a case of 
aneurism of this artery. If it is possible, however, the ligature should 
be applied on the internal carotid itself at a distance from the bifurca- 
tion in order to help the collateral circulation as much as possible 
through the external carotid. 

In relapsing aneurisms which return in spite of the ligation of 
the internal carotid, extirpation, or preferably ohlUeralive endo- 
oneurismorrhaphy, may be contemplate, provided it is possible to 
to secure the upper as well as the lower pole of the sac for hemostatic 
purposes. In order to rewsh the sac the usual technic required to 
extirpate retropharyngeal neoplasms by the cervical route will have 
to be adopted, including temporary resection of the lower jaw in 
order to give free access to the upper prevertebral region. There is 
no doubt that in these cases endo-aneurismorrhaphy limited to the 
suture of the orifices, with packing of the cavity in irregular large 
sees, will be safer than a complete extirpation, which might involve 
the lower. cranial nerves at their exit from the cranium and the bulb 
of the^ jugukur vein, which, in this locality, is a formidablejbleeder 
and difficult to control. The. further study of the peculiari;^ of 
internal earotid aneurisms can be profitably puieued by consultiqg 
Berner (loo. oit.); Bobbio and Blauel (Bmtrig. Chir., 
xxxix.. Heft 3). ’ . ^ 
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The External Carotid Aneurimu.— Aneurisms of the external 
carotid are even less frequent than those of the internal branch. 
Aneurisms of the eight individual branches of the external carotid 
are, however, not rare, as shown by the considerable literature in 
the Index Catalogue of the Surgeon General’s Library (first and 
second scries). The external carotid was first ligated for a nevus 
of the face by Wurtzer, of Bonn, in 1841, and for aneurism by Richard, 
of Paris, 1855, as stated by Broca, who assisted at the operation 
(Trait5 des anevrismes). This artery had been ligated for trauma- 
tism by other surgeons long before, viz.: Bush, of Chatam, England, 
1827; Scott, of London, as a preliminary hemostatic in resecting the 
upper jaw, 1830; and also by Lizars, of Edinburgh, for the same purpose 
t^ same year. Maisonncuve ligated the external carotid ten times 
for various purposes, and for the first time to starve a malignant 
growth. Delbot collected (1889-95) 11 cases of aneurisms of the 
external carotid treated by ligature of the common trunk, with 
5 cures and 3 deaths, one of these caused by embolism of the Sylvian 
artery. In 3 the aneurism persisted; one of these was subsequently 
cured by extirpation and the other by incision. The external carotid 
was ligated only once for aneurism of its own trunk; secondary 
hemorrhage occurred, compelling the ligation of both common 
carotids, the patient dying ultimately from pyemia. It is evident, 
from Delbet’s statistics, that the methods of attacking aneurisms 
of this artery by ligature must be revised. If the aneurism involves 
the origin of the vessel at the bifurcation and is large, obliterative 
endo-aneurismorrhaphy should be performed, preceded by provisional 
occlusion of the common carotid with a clamp. The sm^er aneu- 
risms with unimportant relations should be extirpated. In aneu- 
risms of the branches, after securing temporary hemostasis by clamping 
the common carotid, the sac should be extirpated if small, or opened 
and obliterated by the intrasaccular method if larger and adherent 
to important parts, as in cases in which the tumor lies imbedded in 
the parotid, (temporomaxillary aneurisms), in which even free incision 
of the sac may involve the facial nervo and the salivary ducts. In 
a traumatic aneurism of the parotid re^on Nuvoli (quoted by 
Delbet) ligated the external carotid, superior thyroid, lingual, facial, 
occipital, and temporal. After this veritable orgie of Ugatures,” 
success finally crowned the operator’s efforts. It is evidmit that in 
rome of these difficult aneurisms, awkwardly placed for direct or radical 
intervention, the external carotid could be obliterated as a whole 
by injecting paraffin into the vessel by the method of Dawbam ai^ 
Wyeth, which is equivalent to the extirpation of the external carotid; 
and all its bnmehes. This should prove more efficient and thorouf^v 
them any other method of extirpation of the parent vessel, apart 
the obliteration of the sac itself. For the literature of plugging 
external carotid with parafiSn, see Dawbam’s Gross prize essay, ^ • 
In 1874 Madeluhg tabulated all the cases of ligation of the extersHi 
carotid, in which he records 32 deaths in a total of 130 oases of 
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ligation, 13 of which were bilateral. At present, since the adoption of 
modem aseptic methods, it would be impossible to tabulate the 
statistics of external carotid ligations so as adequately to represent 
the actual mortality. While the ligation in itself is inherently a per- 
fectly safe and benign procedure, practically devoid of all risks when 
infection is excluded, it is, nevertheless, liable to complications and 
even fatal cerebral disturbances in the most aseptic cases whenever 
the ligature is placed too near the b^ureation. When this is done 
emboli may be swept through the internal carotid into the brain, 
giving riro to homiple^as, as has happened three times in my own 
practice, mcluding 65 ligations for the starvation of m alignant growths, 
and especially for prophylactic hemostasis, while operating on tumors 
in the territory of the artery. 

Subclavian Aneurisms. — Aneurisms of the subclavian artery 
are nearly as frequent as those of the carotid. Of 551 aneurisms 
in general, 20 were of the innominate, 23 of the subclavian, and 25 
of the carotid. Only 6 per cent, of the patients were women. These 
aneurisms are more frequent on the right side (66 per cent.) in 120 
observations; aneurisms on both sides were observed in 2 cases. 
The spontaneous or idiopathic are 6 times more frequent than the 
traumatic. In 115 cases studied by Souchon, 31 were traumatic and 
81 idiopathic aneurisms. Of the 81 idiopathic aneurisms, 57 were 
right sided and 24 left sided. 

Aneurisms of the third division are far more frequent than those 
of the first and second. The aneurisms of the first division in 17 
to 21.4 per cent, fuse with the innominate artery, forming subclavio- 
innominate aneurisms. The symptomatology, prognosis, and treat- 
ment of this artery are identical with those of the aneurisms of the 
innominate group. In another and more frequent variety, in the 
third portion of the subclavian, they blend with the axillary (sub- 
clavio-axillary aneurism). In connection with three aneurisms of 
the third division, cervical ribs have been reported which predisposed 
to injury of the artery. Aneurisms of the third division tend to 
extend downward under the clavicle toward the axilla. Usually 
they are globular in shape and are not. large, but sometimes they 
may attain enormous proportions. In a clawic ease (Velpeau) the 
a^rism filled the ai^a, Uie entire supraclavicular fossa, and the 
right half of the neck, extending up as mgh as the ong^ of the jaw 
and backward beyond the tips of the transverse proeesses. 

The symptomatology a^ diagnosis are made easy by the study 
of the anatomic relations of the artery. Pressure phenomena are 
ahown eonspicuoudy in the dilated veins, dusky and livid skin, edema 
of the neck and arm, neuralg^ of the neck and arm, gradually 
followed by paresis or paralysis, in this way resembling the (jinieid 
ftiatuies of oxillaiy aneurisms. 

Prognosisirr-^bolaviBn aneurisms do not tend to spontanecais 
recovery. Poland has recorded A, Poinsot, 8, and WyeA, 11 oases 
e ired without operation, course of the dise^ 
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by surgical treatment, was studied by Poinsot in 11 cases. In one 
the aneurism lasted eight years; in another, two years and eight 
months. The remaining 9 succumbed within a period varying from 
five months to two years. The tendency is constantly toward rup> 
ture, which usually takes place externally, though it may occur into 
the trachea, bronchus, or pleura. 

Treatment — Every imaginable remedy ever suggested for the 
cure of aneurisms in general has been tried in the treatment of the 
subclavian variety; all the non-surgical methods recommended 
for the cure of inoperable aortic and innominate aneurisms may be 
tried in the advanced cases involving the first and second divisions 
except coagulating injections, malaxation, electropuncture, and 
wiring (Moore method), which have proved worse than useless. 
Suffice it to say that non-operative methods of treatment, though 
occasionally successful, have failed to dimmish seriously the mor- 
tality of the disease. 

Operative Treatment . — No less than IS different procedures have 
been adopted by the 130 or more operators. These may be divided 
in 6 fundamental groups: First, direct incision into the sac, with 
digital plugging of the orifices and ligation of the polm of the 
sac (Syme, 1860). Second, disarticulation at the shoulder-joint 
(Spencer, 1864). Third, ligature. Fourth, extirpation (King, 1890). 
Fifth, aneurismorrhaphy (Matas). Sixth, gradual obliteration of 
the artery on the proximal side with Halsted’s aluminum band 
(1905). 

The subclavian has been ligated for aneurism in 16 different ways, 
which are grouped by Jacobstahl as follows: (a) DiOal ligatioru: 
(1) Axillary (Dupuytren, 1829); (2) carotid (Butcher, 1863); (3) 
axillary and carotid (Lloyd, 18^); (4) third division of subclavian 
(Poland, 1864). (5) Proximal ligatione: (5) third division of subclavian 
(Golles, 1813); (6) second division of subclavian (Liston, 1820); 
(7) first division of subclavian (Arendt, 1826); (8) first division sul^ 
clavian and carotid (Liston, 1838); (9) .first division of subclavian, 
common carotid, and vertebral (Parker, 1863); (10) innominate 
artery (Valentine Mott, 1818); (11) innominate and carotid (V. Mott, 
1863); (12) innominate, carotid, and subclavian (Willet, .1893); 
(13) innominate, carotid, and, subsequently, first portion of suIk 
clavian (Banks, 1885); (14) innominate, carotid, and vertebral (Bull, 
1894); (15) innominate and carotid, later vertebral and internal 
nummary (A. Smyth, 1864). (e) Proximal and dietdi- ligations: (16) 
First portion of subclavian and axillary (Glutton, 1896). The results 
obtained by these different procedures, except the more receni 
suggestions of Halsted (gradual obliteration by aluminum bands) 
and that of Matas (endo-aneurismorrhaphy), have been admiralty 
Bummanied by Jacobstahl. He collect^ 21 new cases operajMdl 
upon sinee 18W,; which were not mentioned in previous commuM^- 
tikms.' In his analysis he only considers operations perform*^ 
jp^dogic aneurisms. In order to appreciate the influence of aiiMpp ; 
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he divides them into two groups, e,, cases operated b^ore 1890; 
and the other from 1890 to 1903. 

Results of the operative treatment up to 1890; 75 cases: 56 deaths » 
73 per cent.. mortality. Since 1890, 25 cases: 4 deaths -16 per cent, 
mortality. Favorable results, improvement, and relief: up to 1890, 

75 eases: 17 improvements— 22.7 per cent. Since 1890, 24 cases: 

17 improvements -70.8 per cent.; reported cures, before 1890: 7 in 

76 cases=9.3 per cent.; since 1890, 12 in 24 cases— 50 per cent. 
Permanent cures, established by long observation, before 1890: 
1 in 75 cases— 1.3 per cent. Since 1890, 5 (all extirpations) in 24 
cases— 20.8 per cent. 

Oberst, writing about the same time (1903-04), arrived practically 
at the same conclusions, viz., that the operative mortality of sub- 
clavian aneurisms had dropped during the aseptic period from nearly 
80 to 22 per cent. Savariaud, at a later date, compiled the cases 
during the modem period from 1884-94, and concludes that the 
mortality has been reduced from nearly 80 per cent, to less than 

18 per cent., and that in 22 cases of ligation or extirpation outside 
of the scalene muscles, there were only two deaths — 9.2 per cent, 
mortality. In 6 extirpations of aneurisms of the third division 
there are no deaths. 

In regard to the life of (he limb, a notable improvement also is 
noticed, though it is a fact that even in the septic period gangrene 
of the upper extremity was comparatively rare after ligature of the 
subclavian for aneurism. In 39 proximal ligations of the subclavian 
for aneurism there were 3 fatal gangrenes of the arm and 4 of the 
hand. On the other hand, in Savariaud’s 67 cases operated on 
smce 1885 there were no gangrenes. According to von Bergmann 
(1877), 90 ligations of the subclavian artery on account of gunshot 
wounds escaped gangrene, except in a few fingers, yet the mortality 
was very high — 70.6 per cent., chiefly on account of secondary hemor- 
rhage and sepsis. Matas, reporting his experience with arteriovenous 
aneurisms of the subclavian vessels (Jour. Amer. Med. Assn., January 
11, 1902), collected 18 cases from literature and summarized the 
liability of the limb to gangrene as follows: arteriovenous injuries, 
including ligation of both vessels, 13.5 per cent; after ligation of 
the subclavian artery alone, third division, 1.7 per cent., showing that 
in regard to gangrene the ligation of the su^lavian in its third division, 
at least, is less dangerous than that of the axillary, which in the 
preantiseptic period was followed by 26.8 per cent. (Le Fort, 1867). 
Marichal reports 10 oases of extirpation of the sac, with 9 cures. 
The tenth case might be claimed a success, as the cause of death 
was not attributable to the method of treatment. No gangrenes 
are reported m this group. It is evident that in regard to thp mor* 
tality, asepsis has worked a miracle in this at one time deadly field. 

Savariaud; whose views and conclusions may be n^(arided as hiUy 
representing not only the French^ but the modem continental attitude 
toward this group of aneurisms, condudes: (1) .That >foir izractica) 
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purposes aneurisms of the subclavian artery must be divided into 
two groups: (1) extrascalenio; (2) mixed intrascalenic and extra> 
scalenic aneurisms. The former are essentially surgical, calling for 
extirpation or ligation applied as close as possible to the aneurism. 
The two methods, proximal ligature next to the sac (Anel) and 
extirpation, are here of equal value. The ligature is to be tried first, 
followed by extirpation, if this is found to be at all practicable. In 
the second group the danger of the proximal ligation increases with 
the proximity of this to the heart. It is best to refrain from it as 
an initial measure, resorting to distal ligation on the Brasdor plan 
(see Innominate Aneurisms, Gurnard’s procedure), in which the 
immediate mortality is practically nil, and the end results are fre- 
quently remarkable. In the event of failure or relapse, other more 
radicfd or uncertain methods may be considered. 

Thus far the methods of ligation and extirpation have been 
considered. There is evidence, however, to show that in all cases 
in which a bloodless field can be obtained by proximal control of the 
vessels the equally radical, but more benign and simple, procedure, 
of intrasaccular suture, is applicable with equd if not greater advan- 
tage. As the majority of the subclavian aneurisms are of the fusi- 
form type, it is probable that only the obliterative method will be 
applicable in the majority of cases. 

Thus far I have records of three cases of aneurisms of the sub- 
clavian tract operated upon by this method, followed in* all by the 
cure of the aneurism and the complete preservation of the extremity. 

The first is an atypical operation, reported by Parham (Trans. 
Southern Surg. and Gynecol. Assn., 1^). The subclavian was 
ligated just within the scaleni. Temporary arrest of pulsation 
occurred; but an incision into the sac was followed by a severe hemor- 
rhage, which was controlled solely by the suture of .the proximal 
opening within the sac, the distal end of the sac being ligated sub- 
sequently. The other two cases (Losano and Munro) were typical 
endo-aneurismorrhaphies in subclavio-axillsry aneurisms, in which 
the sac bulged above and below the clavicle. Provisional control 
of the circulation was obtained by a traction loop thrown around 
the ra][>clavian at its exit from the scalenes. In both cases the recov- 
eries were perfect and uneventful (Losano and J. C. Mimro, Boston^ 
personid communication, December 2, 1907). 

The advantage of the intrasaccular suture and obliteration of 
aneurisms over extirpation is the protection of important, if not 
vital parts and organs in immediate contact with the sac. Tfaet 
condition for a successful endo-aneurismorrhaphy is, however, a di^ 
field, which can be obtained only by absolute control of the ml^ 
trunk Oh the proximal side. In aneurisms of the third diywt^' 
elamplhg the uppw and lower poles of the sac, outside of the 8oii|ski|| 
will probably offtir sufficient security, but in aneurisms of the;:l^ 
and second ^visions, the innominate would have to be controB^M 
tbj^ right side, aaid in advanced and compUoated aneurisms,; inliij ff|l 
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subjects, this alone would be a most serious problem. The future 
success of the radical operation by this or other methods will depend 
upon an early diagnosis, which at the present time should be made 
at a comparatively early stage, with the aid of radiography, even 
when the intrathoracic portion of the artery is involved. 

In the mean time Halsted’s suggestion (1905) to obliterate the 
main trunks by gradual occlusion with aluminum bands is well 
worthy of thorough trial in this particularly difficult and dangerous 
group of subclavian aneurisms (Jour. Exper. Med., March 1, 1009). 

Axillary Aneurisms. — ^These constitute 3 per cent, of all arterial 
aneurisms. It is essentially a male disease— 4 women in 69 cases 
(Koch). The age is from thirty to forty years; no spontaneous 
aneurisms of this region occur below twenty years of age (Koch). 

Etiology. — Axillary aneurisms are frequently of traumatic origin. 
The artery is often wounded by bullets, stabs, falls, and violent 
efforts at the reduction of old shoulder dislocations. Often the 
traumatism is insignificant; e. g., the pressure of crutches in old arterio- 
sclerotic subjects. 

Patholo^c Anatomy. — Axillary aneurisms usually originate in 
the parent trunk, but they may also develop in its branches, sub- 
scapular, circumflex, etc. It is interesting, as Delbet observes, to 
remember this, because if the classic ligation of the third division of 
the subclavian is applied in an axillary aneurism, the treatment 
will be more than useless, as the aneurisms originate in the collaterals, 
where they are aggravated by the ligation of the main trunk. Axillary 
aneurisms may encroach upon the subclavian, lifting up the clavicle, 
and filling the supraclavicular space. They are then properly classed' 
as subclavio-axillary aneurisms, and should be treated as such. They 
often occupy the upper or lower part of the axillary space, but rarely 
begin in the middle division of this artery. In growing, they first 
displace and then compress the brachial plexus, causing intolerable 
pain in the arm and shoulder, the pain being associated and followed 
by paresis or even complete paralysis of the limb. Edema and 
cyanosis of the arm also result from compression of the vein, which 
blends with and finally becomes incorporated into the sac. Usually, 
these^ aneurisms grow quicldy and attain large size. They erode 
the ribs and clavicle, and sometimes rupture into the pleura. The 
artery may be obliterated by the progress of the aneurism, and in 
this way an axillary aneurism may be cured spontaneously. 

It is only in exceptional instances that aneurisms in this region 
have remained indolent and stationary. In one case the tumor 
remamed tranquil for ten years, and in anothn, sixteen years. But 
they usually rupture early either into the ccmneetiva tissue of the 
externally through the skin, or into the thorax. 

The ^ptomtology and dkgnoais of these aneurisms are usually 
‘early mterpreted iu the light of their anatomio^vi^^ Pab 
•md paresis or paralysis, which come on early, are dominant features 
roughout the entire oouhsei of the dieeaeei. At the p re e ett t timej,; 
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when direct methods of interrention are the rule, the differentiation 
of aneurisms of the mam trunk and of its branches has lost much 
of its importance. However, when the pulse remams unaffected, 
either in volume or rhythm, when an aneurism is known to exist in 
the corresponding axilla, the probability that that aneurism involves 
a branch and not the main trunk should be remembered. 

The treatment of aneurisms of this region was at one time divided 
into: (1) Dietetic and medicinal; (2) direct and indirect compression; 
(3) proximal and distal ligation; (4) Antyllus, the old operation, 
and its modification by Syme; (5) extirpation; and (6) intrasaccular 
suture, which may be applied in any one of its three varieties. At 
present the rdative safety of modem asepsis and improved hemostatic 
resources have made the operative treatment the first and not the 
last mode of attack. Furthermore, the comparative ease with which 
these aneurisms can be reached by open methods has discouraged — 
and very justly — ^a prolonged trial of the dietetic and medicinal 
treatment, except in a few and very exceptional cases, in which any 
operation is contraindicated. The ligature, which was usually 
applied on the proximal side, preferably on the third division of the 
sul^lavian, was associated with a fearful mortidity in the preanti- 
septic period (45 per cent, to 34 per cent.). It is the same story all 
over-secondary hemorrhage, suppuration in the sac, gangrene, 
and septic complications, which here, as elsewhere, followed in the 
wake of the septic ligature. All this has disappeared since asepsis, 
though the risk of gangrene following acute traumatisms has not 
been altogether eliminated. This is particularly true when the 
'vessels are injured in shoulder-joint dislocations. According to 
Stimson, Kdrte, G. Schmidt, Nemenoff, and Hessmann, the central 
ligature of the subclavian and axillary has been followed by peri- 
pheral gangrene in 16 per cent, of these cases. In 40 Cases compiled 
by E. Wolff (1908), 25 per cent, of necroses occurred, and are to be 
expected when the axillary artery is ligated at the seat of injury or 
in its immediate vicinity. This great difference between the effects 
of ligation in acute traumatic injuries and in idiopathic aneurisms 
is attributable to the large extravasations which infiltrate and choke 
up the limb. 

Though the ligature has become a benign procedure at the pres»t 
time, the objections to its application in the treatment of axillai^ 
aneurisms are: (1) Frequent failure to cure; (2) liability to lelapM; 
(3) frequent persisl^ce of a hard tumor (organised clot) after appanwt 
cure; (4) possible obstruction of peripheral branches by migirsio^ 
emltoU or propagated thrombus. Therefore, the method of 0^ 
pation is preferable, but, on the other hand, extirpation is also 
tionablq, because it inflicts dangerous trauma, injures impcsd^t 
ooUatei^, and is. likely to damage the branches of the bi^^^ 
plexus md the.axOlary veitu, which are so frequently amal^^^^ 
with the sae. Endo-aueurismorrhaphy after prdiminary 
of titt artery above wd bdow the sac with pi^ded clamps 
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the obliteration of the main orifices and of the sac itself with a minimiitn 
of trauma. In a case reported by Ingels, of Jetniore, Kansas, Nov- 
ember 1, 1906, be was able not only to obliterate a very large iudllary 
aneuiism, but to restore the main trunk as well. The aneurism was 
of pathologic origin in a man aged forty-three. He controlled the 
circulation with a loop ligature thrown provisionally around the 
third portion of the subclavian. He used iodin gut to reconstruct 
the artery over a guide, and obliterated the sac with superimposed 
sutures of chromic catgut without drainage. The patient recovered 
uneventfully and was perfectly well two months after the operation. 

Aneurisms of the Iliac Group. — ^These may be divided into two 
distinct surgical groups: (1) Aneurisms of the outer (external) iliac 
tract; (2) aneurisms of the inner (internal) iliac or hypogastric artery 
and its branches. 

I. The common Uiae, external Uiae, the iliofemoral, or in guina l 
(under Poupart’s ligament), and the eommori femoral (to the origin of 
the profunda) constitute a continuous trunk, which, in a surgical 
sense, represents the prolongation of the abdominal aorta to the lower 
limbs. Aneurismal tumors, which develop in the external iliac tract, 
as above defined, have several characters in common which justify 
their classification as a separate group. These disti n guis hing features 
are: (1) They are all (with the exception of the femoral) aneurisms 
of the abdominal type, i. e., partially, if not completely, invested by 
peritoneum, and most accessible by abdominal section and intrai- 
peritoneal manipulations, though the inguinal and upper femoral 
members of this group are also attainable by extraperitoneal routes. 
(2) They encounter little or no resistance to their growth and develop- 
ment on their peritoneal aspect; therefore, they grow rapidly, attain 
large proportions, and rupture more quickly than the aneurisms of 
the extremities, which are ^ell supported by the surrounding resist- 
ing aponeuroses and other tissues. (3) Any treatment which attempts 
to cure these aneurisms, either by coagulating their contents, by 
obliterating the sac, or extirpating H, must necessarily influence the 
circulation of the lower limbs and may be followed by gangrene of 
the distal parts. (4) Absolute control of the circulation in the aneu- 
nsms of the iliac tract, including the common femoral, can only be 
obtained by compression of the abdominal aorta, a procedure which 
controls the collateral supply of both internal and external Oiao 
groups. The procedure causes a complete ischemia of the iliac 
tract, and makes it *‘dry ” for all surgicid purposes, though even then 
there may be some bleeding in the sac of the inguinal and upper 
femoral aneurisms from the epigastric and circumflex iliac arti^. 
(6) The iliac tract, as above de^ed, constitutes a natural surgical 
division of the aneurismd g^ups of the lower extremity. Thite 
tr:)ct, fmr surgical purposes; is bounded above by a line dravra across 
the abdominid aorta, on a level with the umbilicus, juft above the 
birurcation, On this upimr umbil^ line direct chcular sla^^ 
^^mpression may be ap^d^^h»rabb«r tubing, w 
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by Momburg (see Frophylactio Hemostasis, section on Hemorrhage). 
In this vay the aorta is compressed against the vertebrd col umn, 
at least in thin or relaxed individuals, under gjeneral anesthesia. 
Compression is best applied to the aorta, honrevw, by opening the 
abdomen and temporarily clamping the vessel by protected rubber 
clamps, provisional tape ligature, fingm of an assistant, etc. Whether 
applied by extraperitoneal or intraperitoneal routes, the compression 
of the aorta becomes necessary, and is the only safe method of obtain- 
ing a rdiable preliminary hemostasis of the iliac tract. The lower 
boundary of the iliac aneurismal tract is reached at the highest levd 
of the thigh, where circular elastic constriction can be most effective 
in epntroUing the circulation of the lower limb. The aneurisms 
which develop above' this line must be considered, for surgical pur- 
poses, as members of the tltoe grmp, and those below it as of the 
femortA group. In this way a practical surgical division is established, 
which is based upon a method of circulatory control common to all 
aneurisms of the iliac group, regardless of anatomic landmarks. 

II. The aneurisms vMch devdop on the internal Uiac or hypogas- 
trie artery are essentiaUy of intra-abdominal or intraperitoneal type, 
exce^ those that occur in its pwipharal branches, as the gluteal, 
sciatic, obturator, pudic, Stc. The common feature of these aneurisms 
is that the obliteration of the parent trunk of the internal iliac, or 
its branches, never compromises the nutrition or vitality of the lower 
»tremity. It k only when the common iliac^ or its continuation 
in the external iliac tract, becomes blocked or interrupted, that the 
internal iliac assumes the function of a supplementary collateral and 
nutrient of the lower extremity of the first magnitude. 

CUnkal Data on Iliac Aneurisms.-— /ncKfence. — In our Charity 
Hospital (New Orleans) statistics there are 2 of the common ili«<* in 
172 aneurisms recorded in ten years (Holcombe). In Crisp’s ftliwMB 
group they appw 11 times in 561 aneurisms. In order of frequency 
the fliae tract is attacked by aneurism as follows: (1) Diofemoril 
(at the groin); (!^ common femoral; (3) external iliac; (4) the common 
iliac; and (^ the internal iliac. T^ vast majority occur in men 
(only 3 per cent, of the Dio-inguinal in women). They are frequent 
between the twmitietb and fortieth jrears, and there is a tendency 
to involve the right wde (85 right, 71 left; 4 bDateral aneurisms, 
Delbet). 

Canses . — ^These aneurisms are mther traumatic or pathologk 
(so-called spontaneous), or both. The pure traumatic aneurisms 
(stab, gunshot, Mows, etc.) are telativdy rare, and become 1^ 
frequent as the aorta is approached, those who are wounded in tbsm 
vessds usuaUy succumbing to their injuries before itiiwiiriaTne hiji^ 
time to develop. Indirect traumatism, induding . the rupt^ri^ 
^ec(i*of sudden violent effort, lifting, wrestling (inerea8iiig; ;|be 
intravascular tm^on), in rupturing the intima and media, are 4^1]^ 
regained as <mciting causes only when a pathologic caiise 
atimnitna) exists as a predispodng condition. Vi, 
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The prognosis of Qiac aneurisms of the main trunks is always 
serious; those of the outer iliac tract especially, both as regards the 
life of the patient and of the limb. Spontaneous recovery is possible, 
but is very exceptional. The prognosis is gravest in the pathologic 
aneurisms, chiefly because they are usually associated with extensive 
and inoperable lesions of the heart and arterial system. The danger 
to life is probably greatest in the common and external iliac groupe; 
the danger from gangrene greatest (for anatomic reasons) in aneu- 
risms of the common femoral, immediately below Poupart’s ligament. 
The lack of peri-aneurismal support favors the rapid development 
and early rupture of the common and external iliac types. 

When rupture takes place, death follows quickly, as there is no 
obstacle to the flow of blood into the i>eritoneal cavity. Sometimes 
the rupture takes place in the subserous connective tissue, forming 
immense hematomas which extend up to the iliac fossa into the 
lumbar region, or into the pelvic cavity, far beyond the original leak. 
Sometimes gangrene of the foot and leg occurs from compression of 
the main vessel and the collaterals by the hematoma. The aneurisms 
are rarely limited by the anatomic lines which define the extent of 
the arteries, hence the frequency of transition forms, such as aortic- 
iliac; iliohypogastric; iliofemoral or mguinal, etc. The iliofemoral 
or inguinal aneurisms more often begin in the common femoral, 
below Foupart’s ligament. They extend usually only a short distance 
into the external Uiac, the larger part of the sac extending under 
and below the crural arch. Aneurisms of the gram, which begin in 
the common or superficial femoral and extend upward to the external 
iliac, are still less frequent. The aneurism may be bisaccular, with 
an hour-glass constriction on a level with Poupart’s ligament. These 
aneurisms may erode the pelvis (7 cases), the anterior lip of the 
acetabulum, and perforate into the hip-joint itself (Langenbeck, 
Matas). In shape, they may be sacciform or fusiform. 

The surgical anatomy of the iliac tract is the key to the <ym|9to- 
moMogy. The early pains felt in external iliac aneurisms radiate 
from the iliac fossa to the thigh, along the track of the anterior crural 
branches. Varices, edema, cyanosis, and other evidmices of saphen- 
ous engorgement result friim femoral venous compression. The 
compression of the iliopsoas muscle will cause a psoas contracture, 
>vith an attitude of the limb similar to that observed in lumbar Pott’s 
disease. As the tumor develops and approaches the surface, all the 
rigns of aneurism, become apparent. The diagnosis is a very rimple 
matter when a pulsating tumor is felt in the groin at in the iliae 
fossa, and the dktinct heaving expansile, pulsation is associated with 
the characteristic laruits. Sometimes there is no pulsation, and, if 
it existed at one time, it may be forgotten by the patient; then the 
real and dan^rous diagnostic difficulties begin. These anefiriiims 
have been often confused with . osteosarcomasr lymphosarcoauM^ 
^d other tumors. What is wo^, the sac be^iocs 
mfected and inflamed, thus i^unt^ for the v^ 4i^;enous and 
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usually fatal error of opening these aneurisms under the impression 
that they are acute iliac phlegmons or cold abscesses. The classic 
and often quoted mistakes of Ferrand, Desault, Felletan, Dupuytien, 
— all surgeons in chief of the Hdtel-Dieu of Paris, — prove clearly that 
even the most experienced may be deceived, and, what is worse, 
that even with a previous knowledge of this dangerous possibility, 
the error is still repeated. In a recent case, kindly reported to me 
by Dr. Anderson, of Chattanooga, Tenn., the accident happened 
when a large pulsdess aneurism, supposed to be a large abscess in 
the iliac fossa, was freely opened by incision, a great gush of blood 
instantly revealing the true nature of the case. It was only the 
presence of mind and quick action of the operator that saved the 
patient’s life. He immediately packed gauze into the cavity, and 
it was only after five square yards of gauze had been stuffed into the 
sac that the bleeding stopped. The packs were gradually removed 
in the course of two weeks and the patient completely recovered 
without further accident and after a very unique experience. 

The diagnosis, as well as the treatment, of these aneurisms 
has benefited greatly by the recent advance of abdominal surgery, 
which permits a thorough intraperitoneal exploration of the tumor 
without opening it if the patient is placed in the Trendelenburg 
position. 

Treatment of Aneurisins of the Outer or External Iliac Tract— 
This must vary with the seat of the aneurism, its topographic rela* 
tious, its size, and the general condition of the patient. Many patients 
cannot be operated upon at all, at least surgically, with any reasonable 
prospect of cure, especially if marasmic or suffering with advanced 
or multiple arterial, cardiac, nephritic, or pulmonary lesions. In 
these eases the m^ical methods of treatment recommended for 
aortic aneurisms are in order. A small aneurism of the external iliac, 
a little above the groin, in a thin subject, may be benefited and 
cur^ by digital compression, as shown by Shepherd, of MontreaL 
If 'the aneurism is very large and extends above Poupart’s ligament 
for any great distance, it is evident that digital compression is out of 
the question. Possibly indirect compression of the abdominal 
aorta by Maeewen’s method or the instrumental aortic compressors 
(Lister’s, Esmarch’s, Signorini’s) may be tried. Though the results 
obtamed by indirect compression for iliac aneurisms is not encourag* 
ing, still the successful cases reported by Wheelhouse, Hilton^ 
Mapother, and Holden, in the older literature, in which cure was 
obtained by compression of the aorta, are well worth rememberinj^ 
According to Dcdbet, flmdon has bemi tried five times mthout a 
single success. Richardson, of New Orleans, devised a special nu^i^ 
of flexion of the thigh for external fliac and high femoral aneurioo^ 
and obtained at least one aymptomatic cure in 1879. L>4i]^ 
compraaaion of the abdominal aorta in iliac aneurisms shouil^i:;.^ 
attmnpted climatically only on patients who are ie to 
prolonged anesthsria. H compression fails, after a fair trial, it 
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be discontmued. Compression may at least help to develop the 
coUaterid circulation. 

The treatment which has been most frequently applied to aneu- 
risms of the external iliac tract is the ligature, either of the external 
or of the common iliac. The abdominal aorta has been ligated at 
least ten times for aneurisms of the common, external, and internal 
iliac arteries, but all these attempts failed. The common iliac was 
first ligated for aneurism of the external iliac by Valentine Mott, 
of New York, in 1827. Since that time the reported cases have been 
compiled by several writers— Stephen Smith, Barbosa, 1874; Eiimmell, 
1883; Tillmanns, and Dreist (Deutsch. Zeit. Chir., 1903-04, Bd. Ixxi.). 

In summing up the evidence from various sources we find: that 
the common iliac artery has been ligated 80 times, with 56 deaths, 
or a death-rate of 70 per cent.; 59 of these operations were done 
prior to 1880, during the preantiseptic period, with 46 deaths, or 
77.97 per cent, mortidity. In the 21 operations done since 1880, 
presumably with aseptic precautions, there were 10 deaths, which 
shows a reduction in the death-rate to 47.64 per cent. — a very decided 
improvement. Gangrene has occurred in the last 21 cases 7 times, 
or in 33.33 per cent. 

In the preantiseptio period the extraperitoneal route was adopted, 
according to Dreist, in 48 cases, with 37 deaths , — 77 per cent., — and 
in the antiseptic period the same route was followed by a mortdity of 
only 55.33 per cent. At the present time the extraperitoneal route 
has been practically abandoned, as the great superiority of the trans- 
peritoneal method is universally recognized. The mere opening 
of the peritoneal cavity for the ligation of the artery contributes very 
little, if at all, to the mortality of the operation; on the contrary, the 
transperitone^ route is less liable to septic complications than the 
long undermining and traumatizing dissections adopted by the older 
operators. The common iliac artery was ligated extraperitoneally 
as a prophylactic hemostatic in disarticulation of the hip by Schfin- 
born (Wurzburg), in 1883. Intraperitoneal digital compressiolx to 
prevent hemorrhage m disarticulation of the hip was first applied by 
McBumey, of New York, in 1894. As a prophylactic hemostatic 
to control the circulation in an iliofemord aneurism treated by 
endo-aneurismorrhaphy, the common iliac was clamped provisionally; 
at Matas’ suggestion, by Danna, of New Orleans, July 19, 1907. 
Since that time temporary compression of the common iliac alone, 
or combined with compresnon of- the aorta for the same purpose, 
has been applied by Matas (1907), Levi Old (1907), Balch (1907), 
and Qessnmr (1909), in 5 cases of iliofemoral aneurism, and always 
without accident or complications from the peritoneal side. 

NEri} 7 Mirion.---ThiB procedure has been apidied in compairfbtivriy 
few instances— thus far only.in^iinearismsof the external iliac artery. 
Under this beading are das^ the cases reported by Bobbio (1881), 
Qa4nu (1895), Buy, Dollingw (1867), SchCrpf (1898), and Brewer 
(1901). Becovery fpllowed:ip sB but Sdiorpf's ease, ki triiidi SI 
irou r-~32 ' , 
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thigh amputation became necessary on account of gangrene (20 per 
cent, of gangrene in this group). 

Intraaaecular SiUure Method (Endo-aneiinemorrhaphy). — ^Though 
most recently introduced, this has a record of 7 operations on aneu- 
risms of the iliac group: 5 iliofemoral and 2 external iliacs. Of the 
iliofemoral group, 2 operations were atypical, because in addition 
to the obliteration of the sac by suture, the external iliac was ligated 
immediately above the aneurism (Vaughan and Qirdano). All 
these cases recovered from the operation without gangrene, except 
one, in which secondary hemorrhage occurred in the sac from, pre- 
mature yielding of .the sutures, which compelled secondary ligation 
of the external iliac. It was then that gangrene occurred and death 
followed from exhaustion. In all these cases the obliterative opera- 
tion was adopted, except in Danna’s case, where a reconstructive 
operation was performed. In this case the aneurism relapsed in 
two months after recovery from the first operation, ultimately rup- 
turing, with fatal results. In all probability this event could have 
been avoided if the patient had listened to advice and returned to 
the hospital to have the second (obliterative) operation performed. 
Two cases of external iliac aneurisms, operated by endo-aneurismor- 
rhaphy, one successful, by Balch and Murphy, of Boston (Bost. Med. 
and Surg. Jour., vol. clix.. No. 26, December 24, 1008) ; the other 
reported by Levi Old, Norfolk, Va., died from pulmonary embolism 
(proved by post-mortem) within twelve hours after the operation, 
nothing abnormal or unusual having been found at the site of the 
aneurismal operation. In Balch’s very unique and brilliant case a 
large traumatic aneurism which filled the iliac fossa was cured by 
a restorative aneurismorrhaphy. The common iliac was controlled 
with a Crile clamp, and, after opening the sac and clearing out the 
clot, the single orifice of communication was closed by sutures, leaving 
the lumen of the wounded external iliac open and pervious. The 
aneurism was cured, and the patient recovered completely without 
any disturbance in the circulation of the leg. 

In this category I will also place the cases of diffuse traumatic 
aneurism reported by Pringle (1901), de la Torre (Zent. Chir., No. 48, 
1008). We have already referr^ to the remarkable case (unpublished) 
of Anderson, of Chattanooga (1909) (p. 336). It is interestmg to 
notice that in the hands of the Japanese surgeons, Kikusi, for instance,' 
the method of intrasaccular ligature, applied by him after free incision 
and evacuation of the sac, in the traumatic aneurisms which occurred ^ 
among the Japanese and Russian soldiers, was followed by remark- : 
ably satisfactory results. In 5 arteriovenous and one arterial aneurisipi • 
of ^ the external iliac and four of the common femoral in which the 
injured vessels were ligated in situ no fatalities or gangrenes ooeurrcid. ? 
(See method of intra<siu:cular ligature in the ‘‘Treatment of Aneurismi ’^; 
and also under Arteriovenous Aneurisms.) . ; . 

Aneurism of the common /emond, which indude the origin 
superficial and deep brandies (profunda femoris), are to be 
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surgically in the same light as iliofemoral or in giimal aneurisms. 
The traditional and well-founded fear of secondary hemorrhage, with 
all its disastrous consequences, following the ligation of the common 
femoral below the origin of the epigastric and circumflex iliac branches 
(58 per cent, secondary hemorrhage, 51 per cent, deaths; Barwell, 
Ashhurst’s Surg. Encyclop., vol. iii., 1883), led the older surgeons to 
condemn ligation of the common femoral and to ligate the external 
iliac, which was less liable to secondary hemorrhage (22 per cent, 
mortality; 27 per cent, secondary hemorrhage; 8 per cent, gangrenes, 
Rabe-Barwell statistics, Ashhurst’s Encyclop. Surg., vol. iii.). The 
difference in the results of the ligation of the two arteries was due to the 
fact that the collateral cumulation in the common femoral is so great 
that it interfered with the organization of the thrombus, so that when 
the ligatures cut through the artery by suppuration and ulceration, 
secondary hemorrhage occurred. On the other hand, the external 
iliac is comparatively free from branches, so that a thrombus could 
organize undisturbed after a ligature, at least sufficiently to plug 
the artery after the ligature had ciit through. 

Since the advent of the absorbable aseptic ligature, the danger 
of secondary hemorrhage has been practic^y eliminated; but that 
of gangrene, though much diminished (18.75 per cent, after external 
iliac ligations for femoral aneurism, Delbet, 1896), still remains. 
The danger from the ligature in the treatment of aneurism, especially 
in so vascular a region as the upper femoral tract, is that the stagna- 
tion which occurs in the sac is only partial. There are often currents 
which persist through the collaterals sufficiently long after the ligation 
to detach loose fragments of clot which block the peripheral arteries. 
Sometimes a thrombus may extend all the way from the sac into 
the profunda or superficial femoral, and block these vessels for several 
inches. Hence the present tendency to attack aneurisms by direct 
intervention, either by extirpation or by open section, clearing out 
all the clot and obliterating the orifices by suture. It is to Delbet’s 
lasting credit to have demonstrated that there is infinitely less risk 
to the limb by obliterating an aneurismal artery at the diseased part 
thw by creating two obstructions in the same artery — one at the 
point of ligature and the other in the coagulated sac. However, to 
extirpate these aneurisms in axeae which fairly bistle with spurting 
branches is no simple matter unless an absolutely dry field is obtained; 
even then the danger of woundmg the vein, which would at once 
greatly i^d to the danger of the limb, is not to be disregarded. To 
avoid this risk and diminish unnecessary traumatism, espedally to 
the numerous collaterals which exist in this region, the intrasaeei^ 
suture method (endo-aheurismorrhaphy) can be resorted to with 
advu^tage. 1 have a record of six cases in which higi>, femoral 
aneunsms seated above the line of practicablo drmilar dlai^ 
striotiOn were treated by thb' mdhpd. Ih^ 

(Annals of Surgery, vol. xlvi., 1907) did l^tc^^ (Wai^||i^ 
aocountered severe hempnhn^in d>it 0 of thebddirbl p^ 
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(iliac) end of the sac, the intemediary collaterals opening freely 
into the sac. In two others, one by White, of Savannah, Ga., 1{X)5, 
a remarkably brilliant case, of restorative endo-aneurismorrbaphy 
for traumatic aneurism of the femoral, and the other, by Stafford, 
of New Orleans (see Matas, Jour. Amer. Med. Assoc., September 
29, 1906), there was also free bleeding after opening the sac in spite 
of provisional ligatures applied to the common femoral in the first 
case, mid to the external iliac in the last. The bleeding came chiefiy 
from the profunda, which was incorporated in the sac, as is usual in 
these cases. Whdan obtained a notable success in an unusual 
aneurism of this type, the bleeding being controlled by a simple 
provisional traction (tape ligature) on the external iliac. Crile (1908) 
also obtained a brilliant cure. He controlled the bleeding by com- 
pressing the upper and lower poles of the aneurism with the Crile 
clamp, and was able to suture and obliterate the sac without inter- 
rupting the lumen of the artery. In all these — 6 cases — a recovery 
foUow^ with the cure of the aneurism, except in 2 cases. In one 
(Stafford) gangrene followed the ligation of the external iliac high 
up, on account of the rupture of an aneurism which had formed at 
the point of traction, where the provisional ligature had been placed 
while operating on the common femoral; in the other (Frazier) the 
patient recovered and the aneurism was cured, but gangrene occurred 
on account of the formation of a thrombus in the popliteal. The 
artery remained patulous from the point of aneurismal obliteration 
in the thigh to the popliteal space. The uncertainty of obtaining 
a bloodless field in high femoral aneurisms, even when the proximal 
mid distal poles are controlled by provisional ligatures, has led me to 
practise and recommend the compression of the aorta or common 
i|im> as a preliminary procedure in such cases. It is evident that 
while the statistics of the intrasaccular method of suture are not yet 
large enough to justify dogmatic conclusions, there is no doubt that 
in this difiicult region it is already in a position to stand comparison 
with;9xtirpation or other methods of radical cure. 

Aneurisms of the Internal Iliac Tract-r" Aneurisms of the Buttock* ’* 
^Aneurams of the hypogastric arteries are also described as “pelvic 
aneurisms.” While all the branches of the internal iliac may become 
aneurismal, including in this the uterine artery, aneurisms of which 
have been reported in a few instances, the aneurisms of the internal 
iliac, which are most frequent and of the greatest interest to the. 
surgeon, ara those which appear in the buttocks as dilatations or 
p:travuations of the gluteid or sciatic arteries. These may appear 
in the intrapelvic portion or orig^ of these vessels, or in their extras 
pdno . distribution. The aneurisms limited strictly to the intrapdvie 
portion art so rare that they need not be considered. On the other ; 
hand, the‘ extr^telvic often extend into the pelvis, and some are,.' 
therefore, intrmMilyic and extrapelvic, the groove between the sa^ 
i^rresponding to the sacrosciatic notek 

j[.: . niajdrity of the gluteal and seiatie aneurisms, are caue^;^| 



AMEVBISM OF THE INTERXAL lUAC. 


341 ; 


traumatism, either directly or indirectly, i. e., they are pulsating 
hematomas, which have become encysted and well defined. Circum>< 
scribed traumatic aneurisms are the rule; the majority occur in males. 
In 38 cases, 12 were due to wounds (stabs) and 12 to ruptures and 
lacerations caused by fracture of the pelvis or contusions, falls bn 
the seat, etc. The gluteal artery is more frequently injured by di^t 
wounds (stabs); the sciatic by falls on the ischium or seat, which 
fracWre the pelvis or tear the artery at its exit from the sacrosciatic 
foramen. The left side is more frequently affected than the right. 
Rupp, in his recent thesis (Inaug. Dissert., Kdnigsbei^, 1907), report- 
ing a successful case of extirpation of gluteal aneurism by Lexer, 
has collected 45 cases of gluteal aneurisms, of which 22 were of trau- 
matic origin and 23 spontaneous (8 indirectly associated with trauma). 

Size. — ^This varies from that of an egg to that of a large irregular 
tumor which may fill the hollow of the sacrum and the space between 
the ischium and the great trochanter. 

Sj/mptonuUology. — ^This is based chiefly upon a knowledge of the 
anatomic relations of the gluteal and sciatic arteries. The appear- 
ance of a tumor shortly after traumatism is always suggestive of 
aneurism. The nature of the tumor is confirmed when expansile 
pulsation is felt. The spontaneous tumors are small and do.w in 
developing. The traumatic are usually large, widely diffused, and 
of rapid development. Sciatic aneurisms are distinguished from the 
gluteal — first, by their greater proximity to the tuberosity of the 
ischium; second, by their laterd mobility. The proximity of I2i« 
sciatic nerve explains the preliminary pains which are so nften mis^ 
taken for sciatica before a palpable tumor can be felt. " If allowed 
to ^0 unchecked, they terminate fatally. They all tend either to 
rupture subcutaneously, and sometimes choke up the thigh with a 
massive circumferentiid extravasation; or exteirh^y, causing almost 
immediate death. It is easy to mistake these aneurisms when th^ 
are filled with hard clot for sarcomata or even abscesses. Exploration 
with a large aspirating needle wfll often clear up an obscure diagnodift 

Treatment.— rPasb methods of treatment — coagulating injections 
of perchlorid of iron, galvanopunetiire, etc., have all given way to 
surgical Ueatment by the open method, i. e., incising the sac with 
or without prelimmary ligation of the internal iliac. The common 
iliac was ligated four times, with three deaths, in the pmantiseptSe 
period. The ligation of the mteraal fliac artery on the Hunterian 
plan has been justly regarded, untfi the modem period,, as a vefy " 
dangnous operation. D'Antona, of Naples (Arehiy: Intemat. Chir;^ 
vol; i;; 190£h04), in reporting a cure of bilateral sciatic aneurisms 
(spontaneous) in the same subj^t, by the successive Ugation 
l^th internal iliac arteries, published all the reported easlM l^gatioh 
of this artery for aneurism Jbcp 1860 to 1903; in a]}| 26 
15 reooynies'and 10 deaths^! oe;40 prt eeht; ^ ' 

It is hyident that l^eee statirtica murt 
of modriri teehni^ and tq niuc up the old w^h 
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a profitless undertaking. At present the ligation of the internal 
iliftn. by the intraperitoneal route with the aid of the Trendelenburg 
position is in itself a comparatively simple and benign procedure. 
In view of the uncertainty of the effects of the ligation of the internal 
iliac and the liability to relapse (see Gillette’s case, Annals of Sur- 
gery, vol. xlviii., 1909) the combination of the ligature of the internal 
iliac, whether permanent or provisional, with the free incision of the 
sac and its obliteration by suture (obliterative endo-aneurismorrhaphy) , 
should be adopted in all the cases in which the patient can be anes- 
thetized and stand the effects of a laparotomy. When we consider 
that the old operation, the modified Antyllian, as performed by 
Syme, as the “method of intrasaccular ligature,” cured 12 of the 14 
cases reported by Delbet, a mortality of 16.66 per cent., as against the 
40 per cent, mortality following the Hunterian ligation of the internal 
iliac, it is evident that these comparatively good results can be still 
further improved with a modem technic. The clear demonstration 
of the simplicity and thoroughness of the method of intra-saccular 
suture (endo-aneurismorrhaphy) has been recently shown most ef- 
fectively in a gluteal case reported by Robert Abbe, of New York 
(Annals of Surgery, vol. xlviii., 1908), wherein the technic is clearly 
illustrated and described. 

To conclude: In fuUy formed aneurisms with well-defined sac- 
walls incision of the sac and suture of the orifices, with final oblitera- 
tion by the intrasaccular method of suture, is to be preferred as the 
method of election, provided prophylactic hemostasis can be obtained 
by preliminary intraperitoneal ligation or temporary compression of 
the internal iliac. In acute traumatie diffuse aneurisms without sac 
walls the same prophylactic hemostatic procedure should be adopted, 
but instead of suturing the walls of the cavity, the wounded artery 
should be sought and ligated or sutured wherever it may be accessible 
in the aneurismal cavity. In gluteal or sciatic aneurisms which 
begin in the pelvis (rare, and usually pathologic) the ligation of the 
internal iliac trunk, as near the aneurism as possible, may be sufficient. 
The smaller pathologic aneurisms of the same vessels, which are well 
defined and circumscribed, outside of the sacrosciatic notch, may be 
treated most satisfactorily by a preliminary incision exposing the 
upper ^nd lower poles of the aneurism, followed by the extirpation 
of the sac. 

Aneurisms of the Femoral Regions. — (From the bifurcation 
of the common femoral to the origin of the popliteal.) For the 
reasons already given, only such aneurisms will be considered as 
members, of this group which begin in the thigh below the highest 
level, where circular elastic constriction is practicable for hemostatie 
purposes. In this region, on account of their frequency, the most 
important aneurisms are those of the euperfieial femoral. Aneurisms 
of the profunda are probably ten times less frequent than those of 
the superficial femoral, and those of the superficial femoral are esti" 
mated to be four times less frequent than those of the popliteal (Sifi 
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femoral; 358 popliteal, Delbet). It is readily appreciated that 
when either one of these two trunks alone is obliterated at the site 
of an aneurism, the integrity of the circulation below the obstruction 
is not imperiled, provided the other is patulous. The majority of 
these aneurisms are of traumatic origin, though the spontaneous 
variety, due to pathologic lesions of the artery, are not rare. In 
fact, multifie aneurisms are more frequent in the superficial femoral 
tract than in any other peripheral vascular area. They sometimes 
appear in succession in the femoral artery in connection with others 
of the iliac tract. The cases collected by Souchon (N. Y. Med. Jour., 
November 2, 1895, p. 545), in which as many as four aneurisms existed 
in succession and in the same individual and in the same artery (ilio- 
femoral tract), are examples of this pathologic peculiarity of the 
large arteries of the lower extremity. The aneurisms develop at the 
apex of Scarpa’s triangle; are usually globular or spherical in shape; 
those below are of flatter form, as they are compressed against the 
bone and against deep muscular planes. Compared with popliteal 
aneurisms, femoral aneurisms grow with less rapidity, and there is 
less pain and disturbance from compression of the perianeurismal 
nerves and veins. Therefore there is less pain and less edema in 
superficial femoral than in popliteal aneurisms. Sometimes aneurisms 
develop in the branches of the femoral (circumflex, muscular, 
anastomotica, etc.), the superficial femoral artery itself being readily 
distinguished and separated from the aneurism, especially in thin 
subjects. 

Treatment. — Digital compression of the common femoral at 
Poupart’s ligament may be tried with some expectation of success. 
The most serious objection to this method, as applied to this group of 
aneurisms, is in its comparative inefiiciency. In his earlier series 
Delbet reports 20 cases with 11 recoveries. In the failures there were 
2 gangrenes. In the later series of 1895 the same author quotes 11 
cases treated by ligature; 10 alone are considered available for study; 
of these 10, only 6 were cured; of the 4 failures, 2 suffered gangrene 
of the leg — ^in all, 30 cases with 13 failures, among which were 4 
gangrenes. In one case another aneurism developed at the seat of 
the ligature. In the preantiseptic period Babe (1875), in his collection 
of 952 ligations of the main arterial trunk, established the following 
percentage of gangrenes that followed the ligature for aneurisms 
of the lower extremity. The common femoral, 36 per cent.; super* 
ficial femoral, 22 percent.; the external iliac, 10 per cent. Scriba, ten 
years later, in his analysis of 103 ligations on the Anel or Hunterian 
plan for aneurisms, states the proportion of peripheral gangrenes as 
follows: After the ligation of the external iliac, 9.1 per cent.; after 
the ligation o^.. the femoral tract, including the common femoral, 
5.8 per cenV/ 

ExHrpat ^. — Delbet records 9 cases of extirpation and 0 of the 
old Antyllian operation (double ligature, incision, and packing); 
in all, 18 cases of direet intervention without a nngle death or gan- 
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grene. He has shown in this group, as well as in all others involving 
the peripheral arteries, that direct intervention is always safer, from 
gangrene of the limb, than the ligature, and especially the Hunterian 
ligature. 

Introsaccular Suture (Endo’omurimorrhajdiy). — I have collected 
reports of 21 femoral aneurisms operated on by this method. Of 
these, 6 were high femoral aneurisms, including the common femoral 
and its divisions, and have been referred to elsewhere. Fifteen (15) 
involve the superficial femoral in its middle or lower thirds. Six of 
these operations were of the restorative type, in which the aneuiismal 
sac was obliterated without occluding the lumen of the parent artery, 
and in another a reconstructive operation (Craig Barrow’s case) was 
performed, in which a new channel was built out of the sac-walls; 
in all, 7 cases in which it was possible to cure the aneurism without 
obliterating the artery. In the remaining 8 the obliterative suture 
was performed. In the entire group of 15 cases a cure was effected 
without a death and without a single gangrene. The simplicity and 
safety of the intrasaccular suture, as compared with other radical 
methods, and especially with extirpation, are perhaps more apparent 
in this region than in any other. 

Popliteal Aneurisms. — Aneurisms of the popliteal artery are 
by far the most frequent of the surgical and operable types of this 
disease. In a collection of 106 aneurisms covering all the important 
regions of the body, which have been operated upon by the intra- 
saccular suture method and collected by myself since 1903, we find 
that 62, or 58 per cent., involve the popliteal region. In the same 
collection, of 95 aneurisms of the lower extremity, including the 
iliac vessels, 66.4 per cent, arc popliteal aneurisms. According to 
Delbet, popliteal aneurisms constitute over one-third of all the 
peripheral and surgical aneurisms. Owing to their frequency, poplit- 
eal aneurisms always suggest themselves to the surgeon as the 
standard of comparison or basis of study when any new question is 
raised in connection with the treatment of this disease. 

Etiology and Pathogenesis. — Popliteal aneurisms are rarely of 
purely traumatic origin, certainly they are not often caused by gross vio- 
lence or recognizable wounds. In the majority of the cases the patients 
cannot give any bistory of direct objective violence, but on careful 
questioning there is always a history of strain or muscular i^ort 
which suddenly and repeatedly increased the arterial tenrion. Of 
the various theories suggested to explain the greater frequency of 
these aneurisms, that of Delbet is probably the most plausible. 
According to him, the internal and middle tunics are ruptured in 
violent lifting ^orts, in which the arterial tension is suddenly exag- 
gerated, while the leg is acutely flexed at the knee. The rupture of 
the coats may be very slight, leading to no appreciable symptoms at 
the time of the occurrence; or it may be so complete as to cause 
prompt thrombosis in the vessel, this being followed by a series of 
signs and symptoms which are unmistakably indiostive of artu!^ . 
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obstruction. Though Adelmann’s experiments would seemingly 
contradict the importance of acute flexion at the knee as a causative 
factor, it is evident that such flexion is a decided impediment to the 
blood<stream at the popliteal. It is well known that, for this reason, 
flexion alone may be utilized as a means of curing the disease. Dd- 
bet's theory is in accord with the fact that the majority of these cases 
occur in laboring men, very rarely in women, and that a history of 
syphilis, alcohol, and other causes of arterial degeneration is fre- 
quently present. The frequency of bilateral simultaneous or coinci- 
dent aneurisms in both popliteal spaces and other regions in the same 
subject also confirms his view. 

Pathologic Anatomy. — Spontaneous aneurisms of the popliteal 
very rarely involve more than a comparatively small segment of this 
artery. Fusiform aneurisms, as defined in the text (see Morphology 
of the Sac, etc.), involve a larger section of the artery than the sacci- 
form aneurisms. Sometimes an aneurism that will fill the entire 
popliteal space, compressing and displacing its contents, will involve 
a section of the artery not more than half an inch in length. 

Popliteal aneurisms may be classified, according to the part of 
the vessel involved, into: (1) Upper or femoropopliteal; (2) middle; 
(3) lower or popliteocrural aneurisms. Probably Cancel’s original 
division into upper and lower popliteal aneurisms (see Paris Thesis, 
1879) is sufficient for all surgical purposes. The gravity of these 
aneurisms and the danger of gangrene which may follow their oblitera- 
tion increase as they descend from the upper end of the space to the 
bifurcation of the popliteal. The upper or femoropopliteal aneurisms 
find more space for expansion and are less likely to compress the 
veins and artery; and, what is more important, they involve a rela- 
tively small number of collaterals. Those of the lower popliteocrural 
group, especially if they attack the terminal division of the artery, 
are compelled to develop in a narrow compressed space, giving rise 
very promptly to venous obstruction and nervous pressure-disturb- 
ances from the popliteal and peroneal nerves, which fuse into and 
finally blend with the sac. The danger of gangrene of the foot and 
other parts is greatly increased in this variety, because of the ease 
with which the bifurcation of the artery into its anterior and posterior 
tibial branches is blocked by a thrombus, and because the important 
collaterals (superior and inferior articular, azygos, and the muscular 
branches) all spring from the sac or open into it, so that if the sac 
is filled with coagula and the collateral orifices are occluded, it is 
evident that the only avenue for the collateral circulation of the leg 
is through the anterior tibial recurrent, the muscular, and a recurrent 
branch from the peroneal. 

The upper popliteal aneurisms, when opened, show a compara- 
tively small numl^r of collaterals opening into them; th^ of the 
inferior tract, especially those in that part of the artery which ex- 
tends from the level of the interartioula^ line to the lower border 
of the popliteus, become, /M* Delbet puts it, “a veritable rendesvoiis 
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of arteries.” In lower popliteal aneurisms it is, therefore, most 
impoilant that the least number of collaterals be sacrificed. In 
fact, the lower pole of the sac and its outlet should be closely 
watched when the sac is opened, to prevent thrombosis of the 
terminal artery at its bifurcation. The lower pole of the sac should 
always be cleared by gentle swabbing with a moist sponge dipped 
in saline solution, and if a tendency to obstruction by clotting is 
observed, the orifice leading to the lower pole should be lubricated 
with aseptic vaselin, to prevent it. The sac may fill up the entire 
popliteal space, but it is very unusual for it to send prolongations or 
diverticula under the aponeurotic bridge of the soleus, which defines 
the boundary line between this vessel and the branches to the leg. 
Diverticula often form upward, on the inner side of the condyles, 
and downward, between the gastrocnemii. The popliteal veins and 
the external saphenous and the popliteal nerve soon become adherent 
to the sac, which fuses with all its surroundings by a gradual diffuse 
sclerogenic cellulitis, causing neuralgia and traumatic neuritis from 
compression of the nerves, and often followed by trophic and vaso- 
motor disturbances. As the tumor grows, it meets with the greatest 
resistance in the lateral Ugaments, condyles, intercondyloid space, 
posterior surface of the tibia, and the popliteal aponeurosis poste- 
riorly. It is the resistance of these tissue planes which gives form to 
the sac and flattens the spheroid on a level with the deeper joint 
surfaces. It is also the cause of the phenomenon, which we have 
elsewhere described as the rotation of Oie sac, by which the poles of 
the aneurism are gradually displaced either on its meridional or 
equatorial planes. (See Pathology of Aneurism and Morphology 
of Sac, p. 221.) 

When these aneurisms reach their terminal stages without interfer- 
ence, they stretch and absorb the ligaments and erode the bones until 
they finally rupture into the joint or externally. Instead of rapturing 
into the joint (heroarthrosis), the sac raptures into the connective 
tissue, forming diverticula, or externally, where the popliteal aponeu- 
rosis has yielded and allowed the skin to undergo atrophy and 
ulceration. The lymph-glands of the popliteal space are usually 
enlarged; thus, in cases of pulseless aneurism, favoring the error of 
mistaking them for malignant tumors. 

On opening the sac we find usually two fundamental varieties of 
aneurisms, previously referred to under the head of sacciform and fusi' 
form aneurisms. (See Morphology and dassification of the Sac.) 
^tween the two types we find innumerable gradations, so it may be 
difficult, at times, to say positively whether it is of the sacciform or of. 
the fusiform type. In the majority of the cases the sac enlarges back' 
ward, t. e., between the artery and the popliteal aponeurosis; in 
others, laterally, especially to the inner side of the knee. In a. much 
smaller number the artery dilates posteriorly and the sac forms 
between the posterior ligament of the joint and the vessel, tbw 
lifting the main trunk from its bed and raising it on the convaxiiy 
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of the aneurismal spheroid to the surface. If the operator is not 
mindful of this possibility, he may wound the artery with the first 
stroke of the knife on opening the sac. This can be avoided only 
by the careful and deliberate dissection of all the tissues down to the 
sac. The relative frequency of the types of aneuiisms found in the 
popliteal space may be roughly estimated by the relative frequency 
of the various types of endo-aneurismorrhaphy performed in 50 
carefully studied aneiuisms of this region, treated by this method. 
(See Treatment.) The sac itself may be perfectly formed, but many 
times it is only complete at its attachment to the artery, becoming 
thin, irregular, and unrecognizable in the peripheral and more distant 
parts. Sometimes the sac is absolutely adherent to the ligaments 
and the bones, so that if any attempt is made to peel it off, the joint 
may be widely opened. Under these circumstances the rigid, unyield- 
ing, adherent walls, and especially the floor of the sac, cannot be 
obliterated by infolding or approximating its walls by suture, as is 
done in the typical intrasaccular operation. The main orifices of 
the collaterals can, however, always be sutured, after which the 
obliteration of the cavity may be accomplished by lining wth skin- 
flaps or by methods suggested under “Treatment of the Sac," p. 276. 

Symptomatology. — ^The earlier effects of aneurismal dilatation of 
the popliteal artery are interpreted by the patient usually as a simple 
hindrance to moving the knee, complete extension or flexion becoming 
especially difficult and painful. When the pressure signs begin, a 
slight edema of the foot or leg, some numbness of the foot, then sharp 
painful radiations to the leg, are complained of. Usually the diagnosis 
is easy when the tumor is sufficiently formed to be felt near the 
surface by pulsation, murmur, and all the characteristic signs of 
aneurism. 

Prognosis. — ^The usual evolution of popliteal aneurism is rapid; 
the progress of the tumor is sometimes temporarily arrested when 
the sac fills the space, but it soon breaks through the resistance of 
the aponeurosis. Spontaneous cure is exceedingly rare. Sometimes 
an apparent or symptomatic cure is obtained by the coagulation of 
the contents, leaving a simple channel which connects the inlet and 
outlet of the passage. In other cases the foot or the leg becomes 
gangrenous, just as the sac is obliterated by clot. Spontaneous 
gangrene occurs more often in the course of the popliteid variety 
than after any other aneurism. There are two types of this spon- 
taneous gangrene: First, that which attacks only the foot, when the 
gangrene is moist, and is due to the blocking of the veins, as well as 
the arteries. Second, more often the gangrene is dry, and is limited 
to the foot. Sometimes the gangrene spreads from the foot to the 
knee, the vein being often thrombosed from stasis and obstruction 
in the neighborhood of the sao. 

Treatmiuit. — During many years, even down to comparatively 
rr;cent times, amputation was the only treatment applied for the relirf 

popliteal aneurism. Hemoyrhage and gangrene were feared in every 
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case. In 1742 Gu4nault and Vandemease proposed the ligation of 
the artery above the sac, but no attention was paid to this suggestion. 
In 1744 Keyslere audaciously incised a sac, thus reviving the old 
Antyllian operation, which hitherto had been applied only to aneu- 
risms of the elbow. He cured 3 patients. A fourth, however, suc- 
cumbed. “Infection, suppuration, aseptic complications were inevi- 
table at that time, and the great mortality attending any direct inter- 
vention on the sac led to the prompt abandonment of Keyslere’s 
procedure and a return to amputation. In 1785, and only six months 
apart, Desault and Hunter both practised and advocated the ligature, 
which then became an acknowledged method of treatment.” 

In the discussion of the general treatment of aneurism we have 
fully considered the different methods of treating peripheral aneurism, 
taking the popliteal variety as a type and standard or basis of com- 
parison. We have presented the general statistical data, which are 
necessary to institute a comparison between the bloodless and the 
bloody or open methods of treatment. According to Scriba (1886), the 
ligature of the femoral for popliteal aneurism led to 5.3 per cent, of 
gangrenes, and of the popliteal itself, for the same cause, to 28 per 
cent, of gangrenes. At the meeting of the German Surgical Society 
of 1892, following the report of a case of bilateral popliteal aneurism 
treated by extirpation, communicated by M. Schmidt, who had also 
collected 10 similar cases, 9 additional cases of extirpation were 
brought to light; in all, 21 cases of popliteal aneurism treated by 
extirpation, followed in 2 cases by gangrene requiring amputation of 
the leg, i. e., 9.6 per cent, gangrene (E. Wolff, Beit. klin. Chir., Bd. 
1, H. 3, 1908), von Frisch, reporting the cases in von Eiselsberg’s 
clinic (Archiv. klin. Chir., Bd. Ixxix., 1906), describes 9 aneurisms of 
the popliteal artery, — 5 arterial and 5 arteriovenous, of which 7 were 
treated by extirpation, with consecutive gangrene of the limb in 
2 instances — ^that is, 22 per cent, gangrenes following this method. 
In the Boer war Stephenson reports that the femoral artery was 
lighted 40 times for traumatic aneurisms of the femoral and popliteal 
vessels, with 7 gangrenes. According to E. Wolff (toe. cit), in. his 
very comprehensive study of the effects of ligatures on the main 
vascular trunks, gangrene of the tower limb occurs in 50 per cent, 
of common iliac ligations, in 26 per cent, of common femoral ligations, 
in 14.9 of popliteal ligations, in 12.7 of 8u;^rficial femoral ligations* 
in 11.2 per cent, of external iliac ligations. Werner, quoted by 
Nasse (Deutseto Chirurg., lief. 66, 1, 1897), finds that since 1875» 
35 cases of popliteal aneurism treat^ by excision Or extirpation 
followed by a mortality of 8.76 per cent., and gangrenes in 6.71 per e^il^ 
Quoting from Delbet’s classic compilation of statistics, we^h^ 
recapitulate the evidence in regard to the methods of surgical 
ment zpcommended and practised up to the present time as fc^o^l 
' The different methods of compression, as applied to popliteal aneufls^l 
yielded, up to 1888 (preantiseptic period), toe foUowij^ m 
223 po{^teal casesrfil.M per cent, curad, and 48.36 pw ewh 
deluding 13 deaths from gangrene and infection. CM tW^ 
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223 cases, 73 were treated by Beic^s method (elastic bandage), with 
49.33 per cent, recoveries and S0.67 per cent, failures, including 
5 deaths (4 from gangrene of the limb). Digital compreeaioti in 

59 cases yielded 49.16 per cent, cured; 50.83 per cent, failures. 
Flexion, 49 cases: 36 per cent, cured, 64 per cent, failures, including 
1 death and 2 amputations for gangrene. 

Operative treatment of popliteal aneurisms from 1884 to 1894 
(aseptic period). 

Ligation (Hunterian), 42 cases: 87.5 per cent, recoveries; 12.95 per 
cent, failures. Of the recoveries, 8 were imperfectly cured; 10.5 per 
cent, of these had gangrene of the toes (5.48 per cent.) ; 3 out of the 
5 failures had gangrene requiring amputation of the leg. 

Relapsea after Ligature in Poplit^ Caeee . — According to Delbet, 
4.5 per cent, of the cases ligated relapsed, and other methods had to 
be resorted to. In 15 per cent, of the reported cases the operation 
failed to give complete r^ef because of the persistence of the tumor, 
though not pulsating. 

Radical operation (same period), 32 cases: extirpation (Purmann's 
operation), 19; incision and packing (Antyllus), 13. Results: cure of 
aneurism in all; no deaths. 

Local BesuUe. In 10.4 per cent, of the cases of extirpation super* 
ficial gangrene of the foot in patches, not requiring amputation, 
occurred. In 8.33 per cent, of the cases operated on by the Antyllus 
method gangrene followed, requiring amputation. 

Against these statistics we would oppose the result of our first 
series of 50 cases of endo-aneurismorrhaphy collected by myself, 
since my first report to the Americui Surgical Association in 1902 
(published in the Transactions for 1902 and in the Annals of Surgery, 
February, 1903) to June, 1908 (see Jour. Amer. Med. Assoc., November 
14, 1908, vol. li.). In the 60 cases, 10 were treated by the recon- 
struction of the artery out of the sac-wall (reconstructive endo- 
aneurismorrhaphy). In 8, the single foramen of comm,unication, 
leading from the mam trunk to the interior of the sac, was 'closed 
by suture, and the sac obliterated in the same way without encroaching - 
upon the lumen of the vessel (restorative endo-aneurismorrhaphy). . 
In 32 the sac was obliterated after the suture of all visible orifices, 
including the section of the tuiiery involved in the aneurism. These 

60 cases represent a series of aneurisms in which those of pathologic 
or so-called spontaneous origin largely preponderated. Furthermore, 
the aneurisms involved the popliteal artery in all parts .of its course, 
but with a preponderance of the middle and lower (popliteocrural) 
vari^y. The reauUe are: one death from tetanus, which was not 
attributable to the method; two gangrenes (one recovorad and the 
^her died of tetanus). In both cases the gangrene p^issibly might 
l^ve been avoided, as the vein m the two instances was sceidenti^y 
injured and ligated (which was not the fault of the method)- Sectmd- 
^y hemorrhage occurred in one reconstructive operation six weeks . 

the operation a^ jfonr.weeks after the ligattoh of the super- 
ncial femoral. ReUpses: three (only after the rSconst^ 
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operation), but in one of these a complete cure was obtained three 
weeks after, by reopening the sac and obliterating it after suturing 
the orifices that led to the main artery. 

Since this report was submitted to the American Medical Asso- 
ciation in June, 1908, 12 additional popliteal aneurisms operated on 
by the intrasaccular method have been reported to mo — ill without 
a death, gangrene, or relapse. To sum up, then, in 62 popliteal 
aneurisms treated by Matas’ method there was one death, avoidable, 
and two gangrenes (3.1 per cent.), also avoidable, and three relapses, 
one of which was cured by a secondary intrasaccular operation. We 
should also bear in mind that in 18 of the 62 cases, nearly 30 per 
cent., it was possible to obliterate the sac without interrupting the 
continuity of the blood-stream. 

The simplicity of the intrasaccular method, as compared with 
extirpation, and the security it gives to the limb when, as in this 
region, the essential features of the intra-aneurismal technic can be 
carried out easily, make this the method of election in all cases in 
which a direct or radical intervention is indicated. 

In the section on General Treatment I have sufficiently con- 
sidered the more recent suggestions which have been offer^ and 
practised in a few exceptional cases of popliteal aneurism. Thus the 
methods of extirpation of the sac with a lateral or circular suture of 
the artery — ^the so-called “ideal operation” (Murphy, Garrfe, Lexer, 
Martin, Endcrlen) ; the operation in which the aneurism is extirpated 
and a transplanted vein is substituted for the missing part of the 
artery (Goyancs’ and Lexer’s cases); and the method of grafting the 
popliteal artery, recently dissected from an amputated limb of 
another subject as a substitute for the diseased artery and aneurism 
previously removed by extirpation (Delbet’s case) are interesting, 
but too hazardous to be regarded as anything more than surgical 
experiments or adventures, which at best are justifiable only in a 
limited number of very exceptional cases. 
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SIEANS AND HETHODS OF GYNECOLOGIC EXAMINATION. 

History Taking.— Before submitting a woman to a physical 
examination, it is extremely important that a careful clinical history 
of the individual should be procured. This is of value for* several 
reasons: 

In the first place, it permits the patient to become acquainted 
with the physician, and, as the result of a few moments’ conversation, 
it allows her to regain her composure and cairn, and thus prepares 
her for the physical examination to follow. Besides, diffing the 
collection of the clinical notes the physician is enabled, by close 
observation of the patient, to make mental notes as to her general 
condition. Furthermore, a complete history will be of the utmost 
value to the physician as a record for future reference. 

Careful observation during the interrogation of the patient will 
furnish certain knowledge as to her general ;condition, such as the 
state of her nutrition, the condition of her nervous system, and many 
other points bearing upon her case. However, no definite plan can 
be ap^ied to all cases, and it. is well to vary one’s plan of collecting 
case records according to the temperament and condition of the 
patient. Delicacy, tact, patience, and judicious questioning must 
always be employed, and the thoughts of the patient concerning 
her state should be respected. 

At the beginning it is well to aUow the patient to recite her v«> 
sion of her troubles, and, after a time, one may assume the lAle 
of interrogator..and .thus obtain a complete, inte]lig!mt, a^ permannat 
record of the case. 

- -iSL ■ V. '-. 



352 BUBGEBT OF THB FEMALE OENITO-URINART OROANS. 

Special forms or blanks are recommended for recording the case 
history, and the card index system is highly commendable and is 
growing in favor. 

The clinical history should always consist of the following data: 
Date of consultation; name of patient; residence; age; occupation; 
nationality; social state (married or single); family history. 

Personal history, including the history of the functions of vital 
systems of body, namely: Nervous, circulatory, skin, digestive, 
respiratory, urinary, menstrual history, marital history, history of 
previous treatment, history of present trouble. 

If specially constructed record tablets or blanks are used, spaces 
should be reserved for recording the result of the physical examina- 
tion to follow and for notes of treatment instituted and recommenda- 
tions made. 

The Date of Consultation. — ^The recording of the date of consulta- 
tion is important as a matter for future reference and from the bearing 
it may have on the appearance of the next menstrual flow, for instance: 
if, upon examination, conditions were such as to require operative 
interference, it would be well, though not absolutely essential, to 
conform one’s plans so as not to conflict with that process. 

Residence. — The place of ^idence should be lecorded, not only 
as a business matter, but in order to determine the possible influence 
of environment on the general health of the individual. The char- 
acter of her home surroundings may have some bearing upon her 
condition; individuals who live in small, crowded, ill-ventilated houses, 
or in densely populated sections of the city, or inhabitants of swampy, 
malarial regions, are prone to develop pelvic disease. 

Age. — ^The age of the patient is of the utmost importance, because 
of the maladies incident to the different seasons of a woman’s life. 
Infancy and childhood, extending from the time of birth to the 
establishment of puberty, is a period when congenital defects of the 
geniti^ia are frequently reveided. Neoplasms developing during 
this period are usually benign in character. Infections of the geni- 
talia (complicating the acute exanthemata frequently develop during 
this period; specific infection, particularly in little girls housed in 
institutions, is not an uncommon occurrence. Malformations may 
pass unnoticed during this period, but, with the establishment of 
puberty, these conditions are usually disclosed. Inflammations 
developing at this time may extend to the pelvic viscera, but are, as 
a rule, limited to the lower part of the genital canal, and rarely reach 
the uterus. 

During the child-bearing period conditions resulting from con- 
genital defects may first be discovered. Inflammations of the more 
serious and destructive types occur, and extend to and involve the 
internal organs. Lesions rWulting from pregnancy and labor, such as 
lacerations and displacements, occur at this' time. Neoplasnos of 
all types devdop during this period, but the most frequent are those 
of benign character. 
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With the eatablishmont of the menopause, the prodisposition of 
malignant growths to develop should be constantly borne in mind, 
and no abnormal condition, arising during this period of a woman’s 
life, should be lightly regarded. The terms: “You are entering the 
change’’ or “passing through the change’’ or “the symptoms you 
complain of are to be expected at this time,’’ are too frequently 
employed by tho general practitioner, and often with dire results 
to the patient. Any unusual symptom,- arising at this period, calls 
for a careful and painstaking pelvic examination, and the surgeon 
who fails to institute this procedure is not doing his full duty to his 
patient. 

The changes in the pelvic organs in the latter years of a woman’s 
life are those incident to senile conditions, and are manifested, princi- 
pally, by so-called senile inflammation. This condition is most 
frequently found in the upper part of the vaginal canal, and, as a 
result of this process, marked distortion, narrowing, and even oblitera- 
tion of this part of the vagina may take place. This is due to tho 
contraction of the organizing mflammatory tissue. This process 
may also involve the cervical canal, causing a stenosis of this organ, 
resulting in an accumulation of secretions within the uteine cavity, 
dilating the organ and giving rise to the formation of a hydrometra, 
pyometra, or hematometra, according to tho character of the material 
imprisoned. Frequently women who have suffered for a long period 
with pelvic disorders enjoy a period of comparative freedom from these 
conditions at this time. 

Occupation. — Occupation plays an important rdle m the etiology 
and aggravation of gynecologic affections. Young girls, confined to 
institutions, schools, and convents, with improper exercise in the 
fresh air, all suffer, more or less, with pelvic disturbance, and women 
who are crowded in poorly ventilated and unsanitary factories and 
workshops, with poor food, arduous duties in cramped and unhealthy 
positions, are prone to develop pelvic diseases. 

Nationality. — ^The African race is more frequently afilicted with 
fibroid tumors than any other race. It is said that 20 per cent, of 
colored women who reach the age of thirty, and that 40 per cent, of 
those who reach the age of forty years, are afilicted with neoplasms 
of this type. The Caucasian, however, is more likely to be afilicted 
wits neoplasms of a malignant character. The Jevrish race forms 
a great proportion of the work of the gynecologist. This is especially 
true of the poorer classes, and the gynecologic clinics of the hospitals 
in the large cities derive a great percentage of their work from women 
of this race. Tho cause of this condition is explained by the con- 
gested and unsanitary manner in which they live, by the cardess 
preparation and scanty supply of food, and from improper attention 
during pregnancy and lator, a great proportion of Jewish women 
being attended, not by skilled physicians, but by the uncleanly, care- 
less midwife. 

Social State.(— The social life of the patimt diould be carefulibr 
VOL. T— -23 * 
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interrogated. It is important to determine whether the patient is 
single or married. This information will frequently save the physician 
from making embarrassing blunders in asking questions. Physicians 
are often prone to draw hasty conclusions concerning pelvic disease 
in sin^e women, but this phase of the patient's life, while at times 
suggestive, should never mislead the doctor, and he should make his 
diagnosis only after careful physical examination. 

Family History. — Heredity does not play an important part in 
the causation of pelvic disorders of women, yet a family history of 
tuberculosis, mental disease, blood dyscrasia, and malignancy should 
not be underestimated; however, one should never bo too greatly 
influenced by it. 

Personal History.— The personal history should include careful 
questioning concerning previous illnesses, such as acute infectious 
diseases, injuries, anemias, and all other conditions that might have 
some possible bearing upon the case. The condition of the patient’s 
nervous system should be ascertained. She should be asked regarding 
headache, and this should include information regarding its character, 
time of occurrence, location, and duration. The question of sleep 
should also be considered; whether she is troubled with nervous irri- 
tability; symptoms of hysteria and neurastheina should be noted 
and recorded; neuralgias, their location and character; mentality, 
as to memory, should be inquired into. She should be asked about 
the condition of her circulation, whether she is troubled with hot 
flushes, perspiration, and palpitation of the heart. Questions con- 
cerning the skin should also be asked, as to the presence of eruptions 
(character and site), whether troubled with pigmentary deposits, 
their character and location. The condition of the gastro-intestinal 
canal should also be considered, such as her appetite; whether she is 
troubled with nausea and vomiting; if so, the time of its occurrence 
the character of the material vomited, whether associated with pain, 
and whether rt;lated to the ingestion of food. The condition of the 
bowels should be inquired into, as to diarrhea, constipation, bleeding, 
presence or absence of hemorrhoids, protrusions from the bowel, 
and painful defacation. The urinary system should also be included, 
as to frequency and freedom of urination; whether painless or asso- 
ciated with pain; if so, its time and character. The respiratory 
function's should fdso be included. ^ 

It is important to ask concerning the functions of all vital systems 
of the body, for the relation they may bear to the existing pelvic 
trouble. It is well to remember, in this connection, the profound 
influence that disease of the pelvic organs mcerts on the general sys- 
tems^ of the body, and that, frequently, abnormal symptoms aris- 
ing in these systems may completely overshadow the local pelvic 
symptoms and lead the physician to err in a correct interpretation 
and dia^dsis of the pelvic lesion. It is not unusual to find women to 
have been treated, for “heart disease," “nervousness," constipation, 
hemorrhoids, anemia, gastritis, indigestion, dyspepsia, kidney disease. 
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catarrj)i of the bladder, and many other ailments, when the true cause 
of the trouble consisted in some derangement in the organs of the 
pelvis. 

It is well to remember, too, that diseased states of the vital sys- 
tems of the body frequently give rise to marked disturbance in the 
pelvic viscera, and it behooves the examiner, therefore, to consider 
carefully the relationship these systems bear to the generative oi^ans, 
and vice versA, before establishing a positive diagnesia. 

I feel that it is wise to warn the physician not to attribute every 
abnormal disturbance in the great systems of the body to some minor 
pelvic condition; this is too frequently done. I would Rmph aaiaa the 
importance of always making a careful pelvic exammation in women 
who manifest some of the functional disturbances mentioned, before 
deciding upon a diagnosis. 

Menstrual History. — ^The menstrual history should begin with the 
recording of its advent. The menstrual flow is usually established 
earlier in women of the blond type, in those of warmer climates, and 
in the city-bred girl. The regularity of the recurrence of the men- 
strual flow should be ascertained. As a rule, the process recurs every 
twenty-eight days, and this is regarded as normal. However, a 
variation of one or two days is not of special significance; indeed, it 
may bo normal for certain individuals to menstruate every twenty-one 
days, while others may go a few days, or even a week, over the usual 
period without any ill effects. The duration, quantity, and character 
of the flow should next be considered; usually, it lasts from two to 
eight days, the average being about five days. The quantity of blood 
normally lost is said to bo from three to nine ounces, depending upon 
the type of the individual; the average loss is about six ounces. The 
duration of the flow and the quantity lost do not depend entirely 
upon the type of the woman. Small, healthy women may lose con- 
siderably more blood than large, obese women. Indeed, we fre- 
quently find that, in the latter, the flow may only last a day or two, 
being a scanty, pale colored, scarcely perceptible discharge. The 
estimation of the quantity by means of napkins is unreliable; because 
of the variations in the habits of women regarding cleanliness; as a 
rule, three or four napkins are used in twenty-four hours^-some women 
use more, some use less. 

The menstrual flow is gener^y thin, and of a bright red or of a 
reddish-brown color, and coagulates very slowly, the coagulability 
being delayed by the alkaline reaction of the uterine secretions. Rapid 
coagulation of the menstrual flow is always regarded as abnormal, 
and the passage of clots is indicative of the retention of the fluid within 
the uterine cavity for a suflScient time to allow clotting to take place. 
Coagulation may be caused by the presence of polypi, fibroid tumors, 
endometritis, carcinoma, and ret.ained products of ge^tion. 

When the flow is a sort of a syrupy substance, it is supposed to 
have remuned a long time within the uterus, and the presence of 
tissue fibera in the flow is suggestive of the mdstence of d^^erating 
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Tifloplu ffiT*"- The date of the last menstrual flow is especially impor- 
tant for the bearing it may have upon the presence of pregnancy, and 
this phase of the menstrual history should always be obtained and 
recorded. The date of the total disappearance of the menstrual flow 
should also be investigated. As a rule, it is a variable one. The 
complete cessation of this process is e^oken of as the menopause, 
change of life, critical period, turn of life, and climacteric. In about 
50 per cent, of women the menopause is established between the 
forty-fifth and fiftieth year; in 25 per cent., between the fortieth and 
forty-fifth year; in 12.5 per cent., before the fortieth, arid in about 
12.5 per cent, after the fiftieth year. In a few cases it may occur 
between the twentieth and thirtieth year, or as late as between the 
sixtieth and seventieth year. These late periods have been men- 
tioned, but it is questionable if they were ph 3 rsiologic. It is very 
unusual to find a woman in normal health menstruating after she 
reaches the forty-fifth year. The total disappearance of menstruation 
may take place abruptly or slowly. Its duration generally is from one 
to three years. The normal menstrual life of the woman, therefore, 
is about thirty-five years. Undue prolongation of this process should 
always be regarded with suspicion, and, if possible, its cause should 
be ascertained by a careful pelvic examination. 

Disturbances of Menstruation. — Profuse and prolonged men- 
strual flow is spoken of as menorrhagia, and is regarded as abnormal. 

The causes of this condition may be classified into general and 
local, the general causes being diseased conditions of the cardio- 
vascular system, chronic diseases of the lungs and liver, and certain 
blood conditions, such as pernicious anemia and hemophilia. Menor- 
rhagia also occasionally complicates some of the acute infectious 
diseases, and this is particularly true of typhoid fever. 

The local causes may be due to lesions of the vulva, such as 
inflammations, ulcerations,, traumatisms, and new-growths. The 
same conditions may exist in the va^a, in the uterus, in the Fallopian 
tubes, ovaries, and peri-uterine tissues. The conditions complicating 
pregnancy and the puerperal period as a'eause of bleeding should be 
kept in mind, and the possibility of an extra-uterine pregnancy as a 
cause should always be remember^. 

Bleeding between the nonnal menstrual periods is called metror- 
riiagis. This is wholly an abnormal process. The classification of 
the causes and site of this condition are the same as those mentioned 
under Menorrhagia. 

Amenorrhea is a term applied to an absence of the menstrual flow. 
The cause of this may be both physiologic (as in pregnancy) or path- 
ologic and local or general, the gener^ causes being any condition 
that lowers tlm patient’s general health, such as tuberculosis, anemia, 
and malnutrition. Amenorrhea is frequently present in . individuals 
recovei^^from severe iUnesses. It is also commonly found in young 
womj^^F^ ne otmfined to institutions, such as schools, convSnts, wd. . 
UiUa^ty worlfflhc^. The local causes of amenorrhea may be ^ ; 
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existence of some congenital malformation of -the genitalia, such as 
stenosis of the cervical or vaginal canals or an imperforate hymen, 
imprisoning the menstrual flow within the uterine or vaginal cavities. 

Menstruation associated with pain has been described as dys- 
menorrhea. In a certain number of cases no pain or discomfort is 
experienced, but, in the great majority, more or less disturbance is 
complained of. The pain may be of a dull, aching, bearing-down, 
labor-like type, or it may be s^rp, shooting, and lancinating in char- 
acter, and may be so severe as to confine the patient to bed. The 
pain may be located in the back or loins or over the region of the lum- 
bosacral joint. It may also be situated in the pelvis, over the pubic 
joint, or may radiate down the posterior aspect of the thighs. 

The consideration of the time of pab is regarded with special sig- 
nificance by some authors. Fab precedbg the menstrual flow by one 
or two days is said to indicate a diseased state of the ovaries. Pab 
accompanybg the flow is regarded as of uterine origb, and pab fol- 
lowbg the cessation of the flow is considered bdicative of tubal dis- 
ease. 

In ascertabbg the menstrual histoiy the patient should be ques- 
tioned concerning discharges takir^ place between the menstrual 
periods, and discharge other than blood occurring durbg this time 
is called leukorrhea. This condition is generally termed^ “the whites.” 
Ijeukorrhea may have its origb b any part of the genital tract from 
the vulva to the peritoneal cavity. The most common form of leu- 
korrheal discharge is a thick, tenacious, white-of-egg substance, and 
is caused by infla mma tory action of the glands of the cervix. It 
may be of a creamy consistence or yellow or greenish b color, due 
to the presence of pyogenic germs. It may also be of a thb, wateiy 
character, indicatbg bflammatoiy disease of the endometrium. 
This condition has been called hydrorrhea. Between the menstraal 
periods the discharge may be somewhat scanty, bereasbg just 
precedbg the flow or following the cessation of that process. It 
may be very profuse and constant, and extend over a bng pb’iod 
of years. 

The causes of leukorrhea may be divided into local and general, 
the general causes bebg conditions that lower the normal state of 
health of the individual, such as poor nutrition, overwork, un^itaiy 
BuiTOundbj^, improper application of wearing apparel, and indiffeiv 
ence to hygienic. prbcq>le8. The local causes.may be due to bflam- 
matoiy or eruptive diseases of the vulva, ulceratbns, and turnons, 
and these same conditbns as causes may be applied to the organs 
of the pelvb cavity. . 

Ma rffait History.— The marital hii^ty should comprise the .date 
of manbge, whether ewrly or bte m life, hecaute tins f^toty ; 
have an important beating on the development of disnl^ cdulit^ 
b the genitid organs.' ';. 

The number of prejpoiwci^ 

■fun-tMm,,Mb-prematurp'jiahoj^:';.'tt^:.»^^ 
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of children the patient has had, the history of premature births or 
abortions may be overlooked, because women, as a rule, try to conceal 
their miscarriages. Therefore the number of pregnancies should be 
ascertained, whether the children were all bom at full term, or whether 
some were premature; the date of the first and each succeeding labor, 
including the date of the last, should be recorded. The condition of 
the patient during her pregnancies, as to complications, should be in- 
quired into; the character of the labors as to duration; instrumenta- 
tion and convalescence should all be carefully considered. Concerning 
the premature births — ^their time of occurrence, time confined to bed, 
cause, and recovery; whether associated with pain and fever; or 
whetW surgical interference was instituted, should all be carefidly 
noted. Lactation has a most important bearing on certain diseases; 
one should know whether the patient nursed her children and for 
what length of time. 

The marital history should further include a record of the relation 
of husband and wife, but this should be secured with great caution 
and delicacy. Coitus must be inquired into in a certain number of 
cases, and the frequency of the act should be elicited, and whether 
it is associated with pain (dyspareunia). This condition is a most 
important one in relation to the happiness and health of a woman. 
The causes of dyspareunia are awkward or ineffectual attempts to 
perform the act of coition; disproportion in the size of the male organ 
and the vagina; faulty development of the female parts; inflammatory 
processes in the vulva, vagina, cervix, uterus. Fallopian tubes, ovaries, 
peritoneum, cellular tissue; displacements of the uterus or ovaries, 
urethral caruncle, tender carunculse myrtiformes, vaginal fissures, 
ulcerations, vaginismus, coccydynia, hyperesthetic nerves, neuromata, 
and fear on the part of the patient. 

The marital historj' should also include a record of the methods 
employed to prevent conception. This question women frequently 
evade, and those who practise it will usually endeavor to deceive the 
doctor. Whether the patient has or has had syphilis, and especially, 
if married, whether she may have contracted it from her husband, 
should be inquired into. Sopietimes the husband will afford the 
requisite fimts, but often the wife is our only source of information. 
In such chses great care and taict must be used to get at the facts 
without arousing the wife’s suspicions. We can ask whether she has 
suffered from sore throat or had any severe in&mmation of the eyes, 
any eruption over the body, or if her hair has fallen out or if she has 
had any spontaneous miscarriages. The teeth, both her own and her 
children’s, should be examined. The possibility of gonorrheal 
infection should be kept in mind, and the patient should be 
questioned concerning the absence or presence of discharge. If 
present, itetelation to intercourse should be ascertained. Its amount, 
color, character, consistence, and whether associated with pain and 
burning, esp^iidly during urination, should aU be elicited. 

Pteswt TnttUe.'~Th0 clinical history should also mclude iui 
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outline of the existing trouble. The time of the appearance of the 
symptoms; the character of the symptoms, the possible cause, aggra- 
vation, whether increased or intensified by exercise, etc., should all 
be recorded. 

After the collection of the above data, the patient should be then 
informed that, in order to make a positive diagnosis of her trouble, 
a careful physical examination is necessary. 

Physical Examination. — During the collection of the case his- 
tory the patient should be gradually led to realize that a careful 
physical examination will be necessary in order to arrive at a correct 
^agnosis. No greater error can be made, on the part of the surgeon, 
than abruptly and brusquely to inform the patient that an internal 
examination must be made. 

While collecting the case record, veiy great caution should be 
observed in asking questions, and the physician should employ every 
means to secure the confidence of the patient and quiet her timidity 
and nervous fear. One should always be mindful of the fact that an 
internal examination is a source of great distress and a trying ordeal 
to the woman who is not an habitual visitor to the doctor's office. 
The physician should consider it his bounden duty to respect the 
sensibilities of his patient, and shield and protect her from all unneces- 
sary exposure. 

A complete gynecologic examination should include: first, a 
general examination of all the vital systems of the body. One should 
never be hasty, as is too frequently the case, in attributing a group 
of certain general symptoms to some pelvic lesion without making 
a pelvic examination to substantiate this opinion. The systematic 
examination of every important organ of the body impresses the 
patient and makes her feel that she is in safe and compf^nt hands. 

The general examination should comprise an investigation of the 
nervous system — t. e., testing the reflexes and examining arew of 
hyperesthesia, hypesthesia, and h3rsterical stigmata. The condition 
of the heart and lungs should also be carefully investigated. The 
urine, preferably a catheterized specimen, should be physically, chemi- 
cally, and microscopically analyzed, and, in many cases, a thorough 
examination of the blood should be made. 

One of the most important phases of the general examination 
is a careful observation of the general condition and deportment of 
the patient; the general appearance and nutrition should be observed; 
the charaoW of the skin should be noted, whether she is pale or 
anemic, rosy-cheeked and plethoric, or apathetic and cachectic. 
Pigmentations mid eruptions, if present, should be iJso examined. 
The physician should note, while the patient is walking or standiz^> 
whether locomotion is normal or whether any deformities exirt in 
the spine, pelvis, or lower extremitioB. / ‘ ': h: - 

After the completidu of the geDeral exoi^^ 
successfully he aocomplished^ ^in the 
should be i»epaied'for the examinatidp 
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viscera. This should include an external and an internal examination, 
a combined examination, rectal examination, vesical examination, 
instrumental examination, examination under anesthesia, and, in 
obscure cases, the above may be associated with dilatation and 
digital exploration of the uterine cavity, test curetment, test excision, 
bacteriologio examination, x^ray examination, and exploratory 
incision. 

Preparation of the Patient — ^The physician who practises gyne- 
cology should provide a suitable room for this type of work. The 
room should be well lighted, heated, and ventilated, and should be 
provided with a toilet room. The preparation for a local examina- 
tion, whenever possible, should be placed in the hands of a tactful 
and intelligent trained nurse. This is important for the reason that 
the patient will derive additional comfort and security by the nurse 
assuring her that every effort will be made not to expose her unduly 
and that means will be taken not to inflict pain or discomfort. More- 
over, the presence of the trained nurse or a third party may be a 
most important source of protection to the surgeon against the 
unscrupulous blackmafler. 

The duties of the nurse should consist in removing and arranging 
the patient’s clothing and in 'seeing that the bowel and bladder are 
completely empty. Nothing is more trying to the physician than 
to find the patient on the table with her clothing suitably arranged, 
and, on introducing the examining finger into the vagina, find the 
bladder greatly distended or the rectum filled with fecal matter. 
A correct interpretation of pelvic disease cannot be made if such a 
condition exists, and it would be greatly embarrassing to the patient 
to have her visit the toilet after all other preparations have been 
made. If possible, the examination should be arranged for in 
advance, and the patient be instructed to have the bladder and bowel 
empty. 

The nurse should carefully place the patient on the examination 
table.' After the patient is placed in the proper position upon the 
table, the clothing should be removed from the abdomen and a dean 
white sheet should be placed over the pelvis and lower extremHies, 
and another over the thorax and upper abdomen. The sheets should 
join in the midabdomen; these can be easily separated by the sur- 
geon when the examination begins. If the external parts are soiled 
by d^hmrges, they should be deansed by the nurse with warm borie 
solution, and if a vaginal dischar^ exists, the patient should receive 
a worm vaginal douche. 

Before beginning the external examination the physician should 
carefully deanse and worm his hands, and the naOs should be trimmed 
short wd made smooth. As a rule, and in off cases of possible cancer, 
syphilis,, and gonorrhea rubber gloves should be worn. 

The ^tient should be placed upon her back. With the head sUjdttly 
devated on a pilloW, and, at first, the extremities may be extend^. 

The examipation should begin with a careful inspection of tim ^ 
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breasts: their size, color, and condition of the nipplesj the presence 
of general or local swellings, and while palpating these organs for 
tender areas or enlargements, pressure should be made with both 
hands from the periphery toward the nipple, in order to determine 
the pre^nce or absence of secretion. The condition of papillc around 
the mpples should also be investigated, and the presence or absence 
of pigment should bo noted. Frequently the breast examination 
may be incidentally carried on during the general examination of the 
chest. 

Next there should be a general systematic inspection of the 
wterior abdomen. The condition of the skin should be observed; 
if it is pigmented, note its site and character. The presence of linese 
striats, whether old or recent, due to overstretching of the abdominal 
walls by pregnancy or intra-abdominal tumors, fluids, etc., should be 
ascertained. The nutrition of the parts whether thin and flaccid or 
fatty and pendulous, should also be observed. The graeral contour 
of the abdomen should be noticed — whether large from side to side; 
whether the enlargement chuiges with the position of the patient; 
whether the enlargement is prominent in the median line; if so, its 
character; whether regular and smooth, as in pregnancy and ovarian 
cysts, or irregular and nodular, as in fibroid tumors. The condition 
of the recti muscles should be noted — whether bulging takes place in 
the median line on straining. Observation should be made of the 
umbilicus, whether retracted, distended, or the seat of secretion or 
dirt; the veins, whether normal or prominent, and distended, as in 
ovarian tumors, pulsations of the aorta, fetal movements, or intes- 
tinal peristalsis. The results of respiration on the abdominal contents 
may be seen, and the presence and character of discolorations and 
eruptions may be determined. 

Abdominal Palpation. — For the performance of abdominal pal- 
pation the patient should be placed, first, upon her back, but if it is 
desirable to note the influence of change of position on the contents 
of the abdominal cavity, the erect, lateral, or knee-chest position may 
be utilized. In all instances the examination should be 'made in a 
careful and systematic manner. The abdomen, may be geographically 
outlined into four quadrants, and each quadrant should be palpated 
methodically. As stated in a previous paragraph, the hands of the 
examiner should be warm, and the finger-nails cut short and made 
smooth. Both hands should be used, and the prossure made should 
not be digging and penetrating, but with the palmar surfaces of the 
fingers, and in as gentle a manner as possible. The attention of the 
patimt should be distracted firom the hands of the examiner by asking 
questions concerning some other portum of the body, and she skonld 
be mstnicted not to renst, but to nlax and breathe deeifly wii^^^l^^ 
mouth open.^ 

Palpation should, first bej^ in the 
presence or absence oI lip^y, temjeruees, (tf aheubrihhl^^^ 
shoiild be elicited. > Thehi^iiStiQn Ind oob^^ 



362 BUROEBT OF THE FEMALE aENITO-TnUNABY ORGANS. 

walls, whether thick, fatty, or flaccid and rdaxed, should be deter- 
mined. If tenderness is manifested, one should determine its true 
nature and possible origin, whether due to nervousness or organic 
trouble. If the patient complains on slight pressure, her mind 
should be occupied by asking questions, and if deep pressure is 
tolerated, one is justified in excluding inflammatory trouble. The 
viscera of the right hypochondrium should be palpated, and the 
condition of the gall-bladder determined. The mobility of both 
kidneys, especially of the right, should be examined by requesting 
the patient to take a long deep inspiration with the thighs flexed 
upon the abdomen. If the lower pole of the organ is felt to emerge 
below the margin of the ribs, the condition should be regarded as 
ph3rsiologic; if the kidney should reach a lower level on deep inspira- 
tion, undue mobility is present. The umbilicus should be palpated 
in order to determine whether it is patulous or the seat of a hernia. 
The recti muscles should be palpated in order to determine the presence 
or absence of rigidity, tenderness, and whether they are separated 
and in a state of diastasis. 

Palpation will reveal the thickness of the abdominal walls, the 
presence of tumors and accumulations (their sise, shape, mobility, 
consistence, possible character, number, and origin). Fat in the 
abdominal wall is frequently confounded with intraperitoneal growths, 
but this substance can be raised or lifted up in great folds, and thereby 
be differentiated. Tumors of the abdominal walls move with the 
walls, and may be lifted up with the tumor. Fetal ports and fetal 
movements may also be felt. 

Percusrion. — Percussion is employed as an auxiliary to palpation. 
It is chiefly used to distinguish the tympanitic note of the stomach 
and intestmes and the flat sound ovur a tumor or an accumulation of 
fluid. Tumors in close contact with the abdominal wall are flat on 
percussion. In exceptional cases, where there is gaseous decom- 
position of an ovarian cyst or an ectopic gestation sac, the note is 
tympanitic. Tumors covered with loops of bowel may also give a 
tympanitic percussion-note. In asciteS, providing the mesentery 
is unretracted, tympany is found in the m^ian line, with dulness in 
the flanks. This is due to the intestines floating on the ascitic fluid. 
In ovarian tumors dulness or flatness is present in the median line, 
and tympany is elicited in the flanks and above the tumor, due to the 
crowding of the bowels into these locations. 

Auscultation. — As a method of examination in g3mecology, auscul- 
tation is of little value, except in the diagnosis and differential diagno- 
sis of pregnancy. It is us^ more particularly for the purpose of 
eliciting fetal heart-sounds, fetal movements, and the uterine bruit. 
Othw ausqultatory phenomena are the intestinal noises and arterial 
sounds, but these have little or no bearing on gynecologic diagnosis. 

Mensuration. — ^This method may be of value in the diagnosis of 
abdominal enlargements, and may be employed as a means of deter- 
jpinmg the rate of grbwth of an abdominal swelling. Exact measure^ 
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msnts sra difBcult to obtsin on sccount of ths vsriabls dsgrsos of 
' distention of the intestine and of the abdominal tumor. Measure- 
ments may be taken by the ordinary tape-measure, and this may be 
made at the greatest circumference, the circumference at the level 
of the navel, and the distance from the ensiform cartilage to the pubes, 
also from the umbilicus to the anterior superior spine of the ilium on 
either side, and from the linea alba to the spines of the vertebne. It 
is important that the same position should be assumed in taking all 
subsequent measurements for the purpose of comparison. 

Vicinal Exaniination> — ^The statement frequently made that 
the routine inspection of the external genitals is unnecessary is erron- 
eous, and should be condemned because lesions may exist in the 
external genitalia and vaginal outlet which may pass wholly unrecog- 
nized by the palpating 6nger. Indeed, in my judgment more informa- 
tion may be gained concerning the external structures and vaginal 
outlet by close inspection than by careless unobserved palpation. 
Not infrequently surgrons introduce the examining fingers into the 
vaginal canal without inspecting the external parts, and thus fail to 
discover congenital defects, lesions of Bartholin’s glands, eversion 
of the vaginal walls, tumors about the vestibule and urethra, and 
many other conditions. 

The external examination should never be considered complete 
without a close inspection of the parts. Inspection can, however, 
be instituted while the digital examination is being performed, and 
by this method the presence or absence of malformations, inflamma- 
tions, eruptions, ulcerations, tumors, benign or malignant, edema, 
discolorations, lesions of the urethra, vaginal walla, perineum, and 
anus may be determined. The color, consistence, quantity, and 
general character of discharges will also be observed. For the 
performance of digital exploration of the vagina the patimt should 
be placed in the dorsal position, and the external parts and extremities 
should t>e surrounded with clean white sheets or thin coverlets. 
Unnecessary exposure should be avoided. The surgeon should thor- 
oughly cleanse mid warm his hands, and the finger-nails should be 
closely trimmed and made smooth. If a profuse vaginal discharge 
is present, the ports should be cleansed with warm boric-acid solution, 
and, in certain instances, a warm vaginal douche should be given. 
If suspicious discharges or ulcerations exist, the physician should 
protect himself by the application of rubber gloves. Indeed, in my 
opinion it is best to use rubber gloves in all vaginal examinations. 
The bladder and rectum should have been thoroughly emptied, and 
the exploring finger, before being introduced, should be lubricated 
with olive oil or Castile soap and water. This latter method of 
lubrication has the advantage in that it does not soil the patient. 
The hips of the patient should be brought to tiie edge of the table, 
and the examiner should stand betwem her thighs, with his left foot 
resting on the steps of the examining table or on w sutbibie stod. 
The first two fingers of the nght hand should be uted, aind iihe thumb, 
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avoiding the urethra, clitoris, and anterior tender structures, should 
ride over the curve of the groin, while the ring and little fingers should 
be extended and made to follow the curve of the perineum. By this 
means the perineum and cocc}rx are pushed upward and inward, 
thus allowing the further introduction of the vaginal fingers. Before 
introducing the exa minin g fingers, however, the labia should be 
separated by the thumb and index-finger of the left hand. The 
examining fingers should be made to follow the postwior va^al waU, 
and pressure anteriorly should be avoided. In virgins and in women 
with small, sensitive vaginal canals, the forefinger alone should be 
used. Digital exploration will reveal the presence or absence of 
congenital defects, tenderness, consistence of secretions, condition of 
the hymen, and the caruncvdse myrtiformes, tonicity or degree of 
relaxation of the vaginal walls, condition of the vaginal rugs, tem- 
perature, integrity of the perineum, presence or absence, size and 
consistency, of swellings and neoplasms, state of the urethra and the 
posterior bladder-wall and ureters, conation of the rectum, and the 
presence or absence of urethral, vaginal, or vulvar discharges. The 
shape, size, regularity, position, and mobility of the cervix may also 
be determined. The condition of the external os, whether the seat 
of lacerations, if so, their extent, and the presence or absence of 
nodules, tumors, or projections from the external os, may also be 
ascertained. Vaginal palpation wiU reveal the condition of the 
vaginal fomices as to depth, direction of curves, tenderness, rigidity, 
and induration. This procedure will also disclose the size, regularity, 
consistence, position, and mobility of the uterus, and conditioim in 
the uterine appendages may be, in certain instances, recognized. 
The condition, however, of the organs above the vaginal fomices can 
best be determined by bimanual examination. 

The ComUned or Bimanual Examination.— This is the most 
valuable method of eliciting knowledge concerning the organs of the 
pelvis. Several different kinds of combined methods may be 
employed, such as the abdominovaginal, abdominovesical, abdomino- 
rectal, abdominovesicovaginal, abdominorectovaginal, and abdomino- 
vesicorectovaginal. The most r.ommonly employed is the abdomino- 
vaginal, and this is the most reliable method of exploring the. pelvic 
cavity (Fig. 106). In order to perform the abdominovaginal examina- 
tions successfully the vagind <^al must be comparatively roomy, its 
walls must be elastic or relaxed, and the depth of the canal must not be . 
too great, as is frequently the ctm in large, obese women. Besides 
the above, the abdominal wall must be thin, relaxed, and free froin 
tenderness. In individuals with thick, fatty, pendulous or rigid, 
resisting, tender abdominal walls, the bimanual procedure cannot be 
satisfactprOy performed without an anesthetic. Indeed, in my 
judgment, it would be better to employ an anesthetic in the gr^ 
majority of pelyic examinations. Some of the shortw anesthetics, 
such as nitrous oxid, ethyl bromid, or ethyl chlorid, may be used>' 
Thew, however, do not entirely overcome resistance and rigidity, an^ 
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the latter agent is not without danger. If there are no contraindica- 
tions, I feel that short chloroform anesthesia will afford the best 
service. The bimanual method is best performed with the patient 
in the dorsal position. The general preparation of the patient and 
hands of the examiner should be the same as that described in the 
preparation for the simple va^al examination. The labia should 
be separated with the thumb and index-finger of the left hand. Two 
fingers of the right hand are then introduced into the vagina. The 
palmar surface of the left hand is then made to compress the abdominal 
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wall, beginning above the umbilicus, and gradually working downward 
toward the pubic joint. The pressure should be light and gentle, 
in order not to excite the abdominal muscles to ^ntract. If there 
is a tendency to neivous spasm or rigidity of the muscles, the patient 
should be directed to breathe gently with the inouth wide open. 
She may also be advised to take long, deep inspirations and then allow 
the air slowly to escape. By these meems deep pttlpation may success 
fully be accomplished* It is impoii^t to remember that the abdoim* 

nal hand should not.exert ptessure immedtetely behind the sy^ 
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because in so doing the position of the uterus' may be changed and 
an erroneous diagnosis made. 

In every case the examiner should keep in mmd the various 
organs and conditions to be investigated, and the examination should 
be conducted in a thoroughly systematic manner. Symptoms 
suggesting the existence of disease in a single organ should not lead 
the physician to direct his methods of examination to that organ 
alone, but each organ in turn should be investigated methodically. 
The bimanual procedure will reveal the condition of the vo^nal 
walls, the presence or absence of tenderness, discharges, ulcerations, 
indurations, malformations, and tumor formations in that canal. 
By this method the sensibility, size, regularity, consistence, and 
mobility of the cervix may be determined. Combined examination 
will also disclose the exact position of the uterus, its size, regulanty, 
consistence, mobility,, and relation to surrounding organs. The 
Fallopian- tubes may also be examined with regard to the same 
conditions. Ordinarily, the normal tubes are not palpable, except in 
women with thin, relaxed abdominal walls and distensible vaginal 
walls. They are then recognized as small, rounded cords between 
the examining fingers. When the Fallopian tubes are readily pal- 
pable, it usually indicates the presence of some pathologic process. 
Bimanual exidoration will also reveal the condition of the ovaries as 
to size, shape, position, mobility, and consistence. In women with 
thin, relaxed abdominal walls, these organs may be palpated. They 
are recognized as small, oval, tender masses on each side of the uterus. 
The ligaments of the ovaries are not palpable. The pelvic peritoneum 
and pelvic cellular tissue may also be explored by, the , bimanual 
method, concerning deposits, collection of fluids, te^erdess, neo- 
plasms, adhesions, and old cicatrices. By the bimanual procedure 
the base of the bladder may be investigated and the presence or 
absence of distention, inflammatory - deposits, tenderness, fistuls, 
cidculi, and tumors may be determined. The condition of the 
ureters may be recognized, and when these organs are enlarged, 
firm, and tortuous, tuberculous infection should be suspected. The 
rectal wall may also be examined with the vaginal fingers, and the 
presence of tenderness, fecal accumulation, inflammatory induration, 
fistulous tracts, adhesions, and tumors may be revealed. The depth 
and condition of the vaginal fomices can be determined, and the siM 
and condition of the birth canal, as to deformities, may be ascer- 
tain^. The abdominovaginal examination offers the best meahs 
of differentiating various forms of pelvic tumors, and by this metlmd 
their location, size,, form, mobility, consistence, rate of growth, and 
relation to surrounding organs may be ascertained. In the investi- 
gation of enlargements and tumors, in order to determine .thete 
relation to the surrounding stractures, the method of Schultze mayV 
be employed to advantage. This consists in having an assistahi 
elevate tito tumor, by pressure through the abdominal wall, 
tractipn is made upon the cervix with a double tenaculiim. 
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examiner, then, with two fingers in the vagina and the left hand 
pressing over the abdomen, may outline the pedicle of a growth and 
determine its origin and relation. 

The Abdominoiectal Examinationu — ^This method of exploration 
(Fig. 107) is usually employed in virgins. It must be resorted to in 
congenital defects of the vagina, in vaginismus, where the vaginal canal 
is oi^tructed by tumors, and in case of an imperforate hymen. This 
method is also used in studying the condition of the coccyx, rectum, 
and rectovaginal septum. It offers the best approach to the organs 
above the vaginal vault. Exploration by this method will further 
reveal the condition of the rectal canal, the posterior vaginal walls,. 
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cervix, posterior and fundid surfaces of the uterus, uterosacral liga- 
ments, broad ligaments. Fallopian tubes, ovaries, posterior wall of 
the pelvis, and the possible character of patholo^c processes that 
may arise in these structures. ^ ^ . 

The abdominovesical, abdominbyesicovapnal, and abdomino* 
vesicorectovaginal examinations are used principally to investigate 
lesions of the bladder, but these methods are rather infrequently 
employed.. It is impolHiant to rememiber that the performance of 
the bimanual examinatifm must always be conducted with eJdteme , 
care. This is especiaUy time in the presenqs of acute “0^ 
matory ^nditions,. in distended pus-tUbcs, in, qc^pie 
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thin*walled ovarian cysts, and in cases of advanced cervical carci- 
noma. 

Rectal Examinatioii.— The examination of the pelvic structures 
through the rectum should be made m all difficult and unsatisfactory 
vu ginXl examinations. The conditions calling for the employment 
of this method are a congenital or acquired absence or atresia of the 
vagina, a narrow, shallow, rigid, tender vaginal canal, tumors filling 
the vagina, vaginismus in virgins with intact hymen, and in proci- 
dentia and in inversion of the uterus. This method may be employed 
with the patient in the Suns’, the knee-chest, or preferably the dorsal 
position. The index-finger should be used, and it should be. lubri- 
cated with olive oil or Castile soap, and introduced into the rectum 
with a rotary movement. The conditions revealed by this method 
are the tonicity and integrity of the sphincter muscles, the presence 
of abscence of fissures, polypi, hemorrhoids, and now formations. 
The structure of the posterior vaginal wall, cervix, posterior uterine 
and fundal wall, the tubes and ovaries, when enlarged and prolapsed, 
the base of the broad ligaments, may be investigated. Through 
this channel the condition of the sacrum and coccyx can be ascertained. 
It has been stated that the mdex-finger is generally employed in the 
performance of this method, and this will give satisfactory results. 
Simon has recommended the introduction of the entire hand, but 
this procedure is almost never indicated, and never should be used 
by a surgeon with a large hand. It is not without danger, and, 
therefore, has been largely discarded. Instrumental examination 
of the rectum may be made by the various forms of rectal specula, 
but the best instrument to employ is the proctoscope. This has the 
advantage that the rectal canid may be distended or ballooned with 
air, thorough illumination can be secured, and complete exposition 
of the rectal mucosa obtained. 

Vesical Examination. — ^Msny methods are used for the purpose 
of . investigating the state of the urethra and bladder. Frequently 
ordinary inspection of the external orifice of the urethra will reved 
the cause of vesical irritation, such as eversion of the urethral mucosa, 
urethral caruncle, and infection .about the meatus and the openings 
of Skene’s glands. , 

The performance of the bimanual examination frequently enables 
the surgeon to ascertain facts regarding the conskttence, sensitive- 
ness, mobility, and relationship of the bladder and the ureters. 
Palpation through the anterior vaginal wall will also disclose the 
presence of induration of the base of the bladder, and, by this means, 
vesical calculi may also be discovm;^ 

The interior of the bladder may be investigated by the introduction 
of 'metal sounds, and this procedure would reveal the prteence of any 
solid-fdreign boc^, particularly stones. 

Dilatetion shd digital exploration of the interior of the bladdw 
is oecarioniffiy employed, but not to the extent it formerly was. Tq; ‘ 
dey this method is more or 1^ obsolete, and is largely supplant^ : 



MEANS AND METHODS OF QTNECOLOOIC EXAMINATION. 369 


by direct inspection of the bladder cavity through the speculum or 
cystoscope. Moreover, dilatation and digital exploration of the 
bladder is not without danger, and it is said that it cannot be per> 
formed in young girls or elderly women without great risk of perma- 
nent injury to the urethral canal, with possible mcontinence of urine 
as a sequel, and, indeed, this unfortunate condition may occur in 
women between these age limits. Besides, in the great majority of 
instances, information derived from palpation of the interior of the 
bladder is inferior to direct observation. 

Direct inspection of the cavity of the bladder may be obtained 
by the use of a small, tubular speculum, with reflected light or with a 
speculum containing an electric light in the vesical end. By the use 
of these instruments the bladder is distended with air, and thus a 
complete exposition of the vesical mucosa is secured. In this proce- 
dure a general anesthetic, as a rule, should be employed, and scrupu- 
lous antisepsis should be observed. The best position is the elevated 
dorsal or lithotomy posture, although the genupectoral may be 
utilized with advantage in certain cases. Before the introduction 
of the speculum the urethra should be dilated by the ordinary gradu- 
ated bougies or the graduated cylindric specula may be used for this 
purpose. The most satisfactory method of examining the interior 
of the bladder i$ by means of the cystoscope. This subject has been 
fully discussed in-Vol. IV., p. 285. ■ 

Instrumental Examination.— The principal instruments used 
in a gynecologic examination are the speculum, the tenaculum, and 
the sound. 

The vaginal speculum may be composed of wood, glass, hard 
rubber, or hietal. Glass specula are very rarely employed to-day, 
because of the danger of breaking. Specula composed of metal are 
chiefly Used, and they may be several varieties, such as the tubular 
or cylindric, univalve, bivalve, trivalve, and quadrivalve. The 
bivalve, however, is the instrument most commonly employed. ^ It 
is constructed so that the posterior blade is longer than thp anterior, 
on account of the great length of the posterior vaginal wall, the 
posterior wall being about one-half inch longer than the anterior. 

These instruments are used for direct inspection of the vaginal 
portion of the cervix and upper part of the vaginal walls; they are 
also used for the purpose of applying treatment to these structures. 
The dorsal position is usually employed for the introduction of the 
speculum, though the univalve, or Sims’, speculum serves better 
with the patient in the lateral position. This instrument is used 
largely to expose the upper part of the anterior vaginal wall. 

In the introduction of the yaginal speculum every precaution should 
be taken in regard to cleanliness and gentleness. The thumb and 
index-finger of the left hand should separate the labia and the blades 
of the speculuih, pressing upon the posterior vaginal, wall, ^d shouM 
be introduced parallel with the opening of t^ yidva. The.iiui^iurat 
should be gently carried upwitfd for a sh<^ distanee, and then tornqd 

VOL. V— 24 ■ * 
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with the blades horizontal, pressure being constantly exerted on the 
posterior vaginal wall, and avoiding the delicate anterior structures. 
If the vaginal walls are relaxed and protrude between the blades of 
the speculum, retractors should be introduced to hold the walls of 
the vagina apart. If the cervix is in close apposition with the pos- 
terior wall and is not readily exposed to view, elevation of the outer 
end of the speculum toward the pubes will frequently deliver the 
cervix between the blades of the instrument. If this fails, the cervix 
may be grasped with a tenaculum and drawn forward. 

Too much emphasis cannot be placed upon the importance of 
thorough sterilization of the instruments before introduction, because 
infections are frequently transmitted by the careless employment of 
this instrument. 

The Tenaculum. — ^The double tenaculum is used in gynecologic 
examinations to deliver the cervix into view for close observation 
and treatment. It is also employed to determine the extent of 
relaxation of the vaginal walls and the ligaments that support the 
uterus, and to ascertain the degree of mobility and the position of 
that organ. The double tenaculum is also utilized in drawing down 
the uterus in order to determine the relation of tumors attached to 
that organ, such as pedunculated subserous fibroids and ovarian cysts. 

The uterine sound has be<;n recommended for the purpose of 
ascertaining the size and positioir of the uterus, to measure the depth 
of its cavity, and also to replace displaced uteri. Those instruments 
were formerly used very extensively and carelessly, and, no doubt, 
were responsible for a great amount of harm. 

Their dangerous character has, within recent years, been recog- 
nized, and, fortunately for our patients, they have been very largely 
discarded. The sound should always bo us^ with the utmost care. 
Its intioduction should be regarded as a surgical operation, and 
every precaution should be taken to guard against infection. Its 
careless and indiscriminate use in general office practice should be 
condemned. Before introducing the sound the surgeon should de- 
termine the position of the organ by bimanual examination, in order 
to avoid perforating the uterine wall. The instrument should al- 
ways be introduced in the direction of the position of the uterus. The 
date of the last menstrual period should bo elicited, in order not to 
interrupt a possible pregnancy. The sound should not be used if 
the uterine c^ty is the siiat of infection or malignant disease, nor 
should it be Employed in the presence of suppurative disease of the 
appendages. 

Dilatation and Digital Exploration of the Uterine Cavity. 

— ^Frequently the employment of the methods of examination we 
have thus far described will fml to reveal the presence and character 
of intrft-uterine diseasej and we are compelled to employ other means. 
The identification of uterine disease may be made by dilating the 
uterus and exploring its cavity with the finger (Fig. 108). This pipce^ 
dure should be regarded as of the same importance as an ordinary dilatar ^ 
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tion, and the same antiseptic precautions should be observed. General 
anesthesia should be employed. The uterine cavity may bo dilated 
by the parallel bars, Pratt’s graduated bougies, or laminaria tents. 
The parallel bars, however, usually inflict more or less injury, and 
thereby disturb the cell relation and character of any existing growth. 
The graduated bougies may be used with safety, but the laminaria 
tents afford the best service. By their use a higher degi'ee of dilata- 
tion is obtained and the cervix is gradually thinned out, rendered 
elastic, and will thus allow the free introduction of the Anger without 
constriction and impairment of the sense of touch. Digital explora- 
tion of the uterus will reveal the depth and direction of its canal, the 



Fig. 108 .— Digital Explobation or tiik Utbrine Cavity. 

character, thickness, and consistence of the endometrium, areas of 
friability, induration, retained products of conception, coMistcnce 
of the uterine wall, and the presence or absence of projections and 
growths. It should be remembered, however, that mieroscoiHC 
examination is superior to digital exploration, and that the true 
character o.' intra-uterine disease cannot be positively determined 
by the palpating Anger. A provisional diagnosis of a flbroid tumor 
may bo made by flnding a nodular. Arm growth, and of carcinoma by 
discovering an area of friable tissue situated on a hard indurated 
base, but positive identiAcation of any lesion can only be made b}r a 
microscopic examination. Digital examination of the uterine . Mvity 
should never be made without ehrefully eliciting the: menstrual hutozy 


372 ■ BUROERT OF THE FEMALE QENITO-URINARY ORGANS. 


of the patient, in order to exclude the possibility of pregnancy.^ It 
should also be avoided in the presence of inflammatory accumulations 
outside the uterus, and it should always be executed with the utmost 
care. 

Test Curetnient.-*-In order to ascertam the true nature of 
endometrial and intro-uterine disease, sections of the tissue must be 
secured and submitted to microscopic examination. This is done 
by dilating and curetting the uterine cavity. The operation should 
be performed under general anesthesia. Every step of the procedure 
should be carefully executed, and the principles of surgical cleanliness 
should be rigidly observed. Dilatation may be accomplished by the 
parallel bars, gauze packing, laminaria tents, or graduated bougies. 
The latter instruments serve very well, and are not so likely to injure 
and distort the cellular architecture of the parts, and the operation 
should always be performed with this end in view. After a moderate 
degree of dilatation is obtained, the cavity of the uterus should be 
systematically curetted by the sharp angular douche curette. The 
operation should begm at a fixed point, and be carried out methodi- 
c^ly in order to secure tissue from every part of the lining membrane. 
A good plan to follow would be first to scrape the anterior wall, then 
the posWior, then the lateral, and finally the fundus and angles. 
Long, successive parallel sweeps should be made from the fundus 
to the cervical opening, removing the membrane from the muscular 
structure. As the curetted material escapes from the uterus, it should 
be collected in a sieve of sterile paraffin paper. Careless handling 
must be avoided, and the collection of the tissue on a gauze pad should 
be condemned, as the tissue adheres to the gauze, and in its removal 
the individual elements are distorted, and the specimen is thus rendered 
practically useless. The macroscopic appearance of the curetted 
tissue should be noted, and the specimen should then be placed 
immediately in a fixing solution, and prepared for further examina- 
tion. If it is desirable to make an immediate histologic diagnosis, 
teased or frozen sections may be prepared and submitted to microscopic 
examination. 

Test Excision. — ^This method is superior to test curettement 
because it permits the removal of definite portions of tissue, which 
appear suspicious to the e 3 re or the examining finger. It is, of course, 
available only when the diseased parts are accessible, and, therefore, 
can only be used in pathologic conditions of the vulva, vagina, and 
vaginal portion of the cervix. In the performance of test incision, 
the same general laws regarding antisepsis should be observed, as 
were advised in the operation of test curettement. The cervix is- 
exposed by the introduction of Edebohls’ speculum, or suitable 
retractors, and the lips of the cervix, free from disease, are secured 
with double teuacula and drawn well down until they are accessible 
to manipulation. The parts selected for excision should include both " 
healthy Mid diseased tissues, in order to have the advantsge of com* : 
parison. A wedge- or V-shaped piece of tissue should be remoVo4 
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with a sharp, straight scissors or a scalpel. The wound left after the 
excision should be tslosed with one or more catgut sutures. The 
parts are then irrigated with a warm salt solution, the vaginal 
packed lightly with iodoform gauze, and a sterile perineal occlusive 
dressing applied. On account of the relative insensibility of the 
cervix, test excision may be performed without anesthesia. In the 
majority of cases, however, a general anesthetic should be given, 
although the operation can be successfully accomplished by the 
surface application of a 4 per cent, solution of cooain. Infiltration 
anesthesia will permit painless excision, but this procedure destroys 
the histologic cell picture, and hence should not be resorted to. Each 
step of the operation must be performed with the utmost delicacy, 
in order to preserve the normal cellular relation. This point cannot 
be too strongly emphasized. Unfortunately, many surgeons collect 
tissue in such a careless manner that by the time it reaches the micro- 
scopist’s hands its structure is so altered as to render intelligent study 
almost impossible. After securing the tissue it should be washed in 
warm, normal salt solution, and then placed immediately in a good 
fixing fluid. If an immediate microscopic diagnosis is desired, the 
tissue may be examined as a teased specimen or by frozen sections. 
If haste is necessary, the latter method is preferable, because it 
interferes loss with the cellular structure of the tissue and permits 
of a more correct judgment as to its character. 

Bacteriologic Examination. — ^The importance of careful bac- 
teriologic examination of tissues and secretions of the genital tract 
cannot be overestimated. The examinations are usually made by 
stained smears or spreads, but in certain instances cultures should 
be made and inoculations resorted to. Micro-organisms are found 
in the genital tract, but they are present only in small numbers, and, 
as a rule, in a low state of virulence. They are only found normally 
in the vulva, vagina, and cervix. The uterine cavity and structures 
above that organ, under normal conditions, are said to be germ 
free. The small number of patho^nic germs normally found are in 
a low state of infectiousness. This is due to sever^ causes. The 
secretion of the vagina is highly acid, and is, therefore, not only an 
unfavorable medium for the propagation of germ life, but highly 
destructive to these bodies. Dflderlein has demonstrated the presence 
of an acid-fast bacillus in the vaginal secretion, which he has shown 
to be antagonistic to invading pathogenic bacteria. 

The absence of ^ands and of a submuoosa in the vaginal w^ 
does not provide suitable food and an abidmg-idace fotgerm life. 
The plug of mucus normally found in the external os is said by some 
authors to prevent to a certain degree the ingretsipn of bacteria mto 
the uterine cavity imd the organs beyond. During m^istruatiop, 
pregnancy, and parturition the secretioii of the^ vftginid canal is 
neutralized, ‘or rendered allodine by the increased dischar^ from the 
uterus. During these periods, thi^fore, baeteiriid growth and: 
extension are favoioc}. The nonx^ germ^ieidal^^^ of thia 
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vaginal secretion may be destroyed by cxce^ve coition and constant 
vaginal irritation. Abrasions resulting from indelicate manipulation 
and operation also favor the propagation of germ life. 

The parasites found in the genital tract are both vegetable and 
animal. The vegetable parasites are the most frequent, and include 
the staphylococcus pyogenes, streptococcus pyogenes, gonococcus, 
bacillus coli communis, bacillus tuberculosis, spirochsta pallida, the 
organism of chancroid, smegma bacillus, bacillus typhosus, bacillus 
pyocyaneus, bacillus aerogenes capsulatus, bacillus diphtherise, and 
the pneumococcus. The animal parasites are: the pediculosis pubis. 



Fio. 100 .— Fibbt Step in t»e Pebformance of Pobtbriob Vaginal Incision. 

acarus scabiei, oxyuris vermicularis, ascaris lumbricoides, and tsenia 
echinococcus. 

Examination of Virgins.— An internal examination of a young 
girl or a young unmarried woman is a source of great annoyance, 
embarrassment, and terror, and, whenever possible the surgeon 
should refrain from making such vaginal examinations. Where the . 
symptoms and signs call for a pelvic examination, the rectal route 
should usually be selected. The timidity and nervous fear of these 
patients may be overcome by the use of an anesthetic, Moreover, 
anesthesia enables the examiner to make a more thorough and syEh 
teinatic mvestigation of the pelvic organs. It would be diatinctiji^: 
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advantageous to administer an anesthetic in making all first-visit 

^^‘‘Soratory Incislon.-With our present-day perfected methods 
of examination exploratory mcision is seldom “eccssaiy. In 
Bcure pelvic conditions this procedure may be resorted 
this mtervention seem necessary, the patient's — * (^tenjert 
in the presence of a witness or m writing, esproially “ ^ 
strangere) should be obtained not only to “aje to 
to tr^at sureically any condition that it might reveal, fcxplori^toiy 
ineifflon may b« performed through the abdominal wall or through t e 



pmtoioruaghud forma. The Uttm ro ute 

is easier of execution, is not a maj p© * r abdominal in- 

with the pam, dmiger, mid prolo.;^ “SKSf tStoSTdim!- 
cision. Exploratory vaginal mcisipn finds its chmf ^ne 

nosing positively a ^ consistence, shape, 

!S^.i!^ ot^uil»rior»agiuijiuc^ ^ 

'with auT ft»r^J?r^^iu^Abohi’. 

dorsal position, the cerm m fa th» Kn»P®^ «ith twO 
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trsction is made with these by an assistant, who also retracts at the 
same time the posterior vaginal wall. The posterior vaginal wall, 
about one inch from its attachment to the cervix, is picked up with 
toothed forceps (Fig. 109), and a free incision (transverse or semilunar) 
is made through the vaginal wall from side to side (Fig. 110). The 
posterior edge of the incision is pushed back by blunt dissection, thus 
exposing the underlying peritoneum. This structure is then picked up 
and freely incised from side to side, thereby rendering fi-ee examination 
of the pelvic viscera possible (Fig. 111). Posterior vaginal puncture 
should never be performed, hut the operation should be carried out 
by a free incision, as above described. 



Fia. 111 . — Thihd Step in Fohterior Vaginal Incision. 

Showing incised vaginal wall and peritoneum and exposure of posterior uterine wall. 


a>Ray Examination. — Examination by means of the Roentgen 
rays is employed as an auxiliary to the methods we have already 
outlined. The x-ray as a diagnostic agent is not of great value in 
gynecology, because our other methods of investigation are so com- 
plete that it is rarely necessary to resort to this agent. But the x-rays 
may be of value in revealing the presence of pregnancy. It will also 
disclose the presence of cartilage, bone, teeth, and calcareous deposits 
in dermoids and teratomata. It may also reveal the presence of 
calcified tumors, contents of old ectopic gestation-sacs, and foreign 
bodies in the bladder, ureters, and kidneys, and various deformities 
of the pelvis. 
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CftthcteriZAtion* — There is no procedure in surgery so fre- 
quently performed as catheterization of the bladder, and it is, perhaps, 
from its frequent necessity that the cathether is so carelessly and 
indiscriminately used. The common saying, that “familiarity breeds 
contempt,” certainly applies to the use of this instrument. It is not 
uncommon to find women who have made excellent recoveries from 
extensive vaginal or abdominal operations, suffering more from the 
prolonged and careless use of the catheter than from the operation 
itself. Its employment is regarded as one of the duties of the nurse. 



Fio. 112.'~Pobition or Hands in Catheterization of the Female Bladder. 

and it is sometimes difficult to impress upon them the dangers and 
complications that may accrue from its improper preparation and 
manipulation. Whenever possible, catheterization should be per- 
formed by or under the direct supervision of the attending surgeon. 
One must not only be mindful of the prolonged distressing symptoms 
and damage that may result from infection of the urethra and bladder, 
but of the possible extension of the infectious process to the ureters 
and the pelves of the kidneys. 

The bladder may be emptied by the use of instruments composed 
of metal, rubber, or gUtss; the latter are preferable, because they are 
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more easily sterilized. These instruments should be boiled before 
and after using, and when not in use, they should be kept in alcohol 
or a 5 per cent, solution of carbolic acid. It is extremely important 
carefully to inspect the instrument before introduction to make sure 
that it is sound and free from rough cutting edges. Catheterization 
should always be performed under the guidance of the eye, and never 
by simple touch (Hg. 112). The patient should be placed, if possible, 
crosswise on the bed, with the thighs separated and flexed. The ex- 
ternal genitals should bo cleansed with a warm, weak solution of bichlo- 
rid, and if .a profuse vaginal discharge is present, a preliminary douche 
of the same should be given. The parts should be surrounded with 
sterile towels, and the external meatiis should be cleansed with warm 
boric-acid solution. The nurse, with her hands carefully prepared, 
should separate the labia with the thumb and index-finger of the left 
hand. The catheter should be grasped with the thumb and middle 
finger of the right hand, while the index-finger is held over the external 
opening of the instrument to prevent the premature discharge of 
urine. The catheter should then gently be introduced by passing it 
upward and backward, hugging the urethral floor. The entrance 
into the bladder will be manifested by the absence of resistance and 
the appearance of urine in the instrument. The occluding finger 
should now be removed, and the urine allowed to flow into a sterile 
receptacle. The bladder can be completely emptied by making 
pressure over the lower abdomen with the unoccupied hand. With 
the discharge of the last few drops of urine the finger should again 
be placed over the end of the instrument, to prevent the urine flowing 
over the vulva and soiling the bed. When pressure has been made 
over the abdomen, the finger should be so placed before the removal 
of the pressure as to prevent the aspiration of air into the bladder 
cavity. After withdrawing the catheter the parts should be again 
cleansed with warm boric solution and dried with a sterile towel or 
gauze. After an abdominal operation early catheterization should 
never be resorted to, but the patient should be given abundant 
opportunity and encouragement to empty the bladder herself. Direc- 
tions should be given to wait, if possible, for twelve hours, but, of 
course, if the patient is distressed, catheterization shotdd be used 
before that time. In plastic operations upon the anterior vaginal 
walls, providing the patient is unable to empty the bladder, the 
catheter should be used at the end of the sixth hour, because excessive 
distention of the bladder in these cases may destroy the object of 
the operation. 

Catheterization of the Ureters. — Catheterization of the ureters 
has been considered in Vol. IV., p. 290. 
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GONGENHAL AND ACQUIRED ABNORMITIES* 
Hermaphroditism. 


Hermaphroditism is ''the coexistence, real or apparent, of male 
and female organs in the same individual.” This condition in the 
human being is extremely rare, but it is normal in many plants and 
other forms of lower animal life. Hermaphroditism is divided into 
true hermaphroditism and pseudohermaphroditism. Notwithstand- 
ing the number of cases of true hermaphroditism reported, it is a 
question whether true blending of the organs of both sexes has ever 
occurred. Edgar and many other observers claim that there has 
never existed an individual who was provided with complete gener- 
ative organs of the two sexes. Garrfe operated upon a patient from 
whom he removed two small bodies from the pelvis which proved 
to be, on microscopic examination, testicular tissue. Another small 
mass near the testicle was removed from the same patient, and upon 
examination it was found to be composed of ovarian tissue. A Fal- 
lopian tube and a structure resembling the vas deferens were also pres- 
ent. Pseudohermaphroditism is divided into two types — the gynan- 
drous and androgynous. These terms are used to indicate the special 
type of individual. 

The gynandrous is a female with external genitals so formed as 
to boar some resemblance to the external organs of the male.^ In 
this type the general development and expression of the individual 
are decidedly masculine. The external genitals are markedly enlarged. 
The clitoris may be of such proportion as to resemble a penis, and 
the labia minora and majora may be extremely enlarged and fused 
together, so as to resemble a scrotum.^ Occasionally there is a 
hernia of one or both ovaries into the labia, making the resemblance 
to the male still more striking. The internal organs of these individuals 
are usually in a varying stage of development. In the androgynous 
class, the general characteristics, such as hair, facial expression, skm, 
speech, and general development, resemble those ^ of women. The 
breasts may be large and well developed. The skin is smooth, deli- 
cate and free from hair. The external genitals resemble the female 
type, though they are, as a rule, poorly developed. In th^ peiwns 
the scrotum may be cleft, and there may be a failure of the testicles 
to escape or descend from the abdominal cavity. penis may e 
small and resemble the clitoris. The presence of hypospadiM makes 
the resemblance still more striking. There may also be small projec- 
tions of skin along the scrotal cleft, suggesting the presence of the 


labia minora. . . . 

The treatment of hermaphroditism is a 
importance. If the condition is discovered m childhood, the true 
sex should be determined, if possible in order that the. mdividii^ 
may be reared accordin^y. If there is any i 

patient should be classed as a male, oh account of the . ab^ty o^^ 
to acquire a living., ^rthermore, the imperfect ^ 
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to many. Operative meaeurcs should be instituted in certain cases 
if a doubt as to the sex exists, but operative correction of the external 
genitals should not be attempted without first determining the char- 
acter of the internal generative organs by an abdominal operation, ex- 
cept whore it is desirable to establish a new vagina for copulation. 

Malformations. 

In the consideration of the anomalous type of faulty development 
that are found in the genital canal of the female it is well to recall 
that this structure is formed by the union of the Mullerian ducts, and 
that abnormal growth or non-growth of any portion of these organs 
will be responsible for different forms of maldevelopment that occur. 
Malformations arising in the genital canal arc not uncommon, and we 
should always be on guard to detect their presence. The causes of 
maldevelopment are classified into the acquired and congenital. 
Acquired malformations of a serious type are rather uncommon, and 
are, as a rule, limited to the vulva, vagina, and cervix, though acquired 
deformity of the tubes and ovaries docs occur. The acquired types 
result mostly from inflammatory processes, and as a result of inflam- 
matory action in the vagina and cervix organizing bands of adhesions 
form in these structures, which frequently progress to contraction, 
and cause distortion and even obliteration of the upper part of the 
vaginal and cervical canals. Inflammation as a cause of acquired 
deformity in the vagina and cervix is frequently seen in women who 
have passed the menopause. Frequently in these individuals the 
vault of the vagina is found distorted and almost closed, and occa- 
sionally, from the same cause, atresia takes place in the cervix, which 
results in an accumulation of secretion within the uterine cavity. 
Acquired malformations may also result from lesions of labor, trauma- 
tisms, caustics, bums, and faulty operative work. Acquired malfor- 
mations of the Fallopian tubes may result from inflammation, causing 
.thickening, stiffening, and distortion of these structures. Inflamma- 
tion about the tubes may cause the formation of adhesions, which 
contract and cause deformity of these organs. Tumors of the broad 
ligament and ovaries not infrequently cause marked elongation, twist- 
mg, and distortion of the tube. Acquired deformities of the ovary 
may result from inflammatory exudate about these organs, from 
organizing adhesive bands, and from the presence of tumors. 

Congenital malformations may be due to: 

Complete failure of the Mflllerian ducts to develop. 

Rudimentary development. 

IiTOgular development. 

Vicious development. 

Precocious development. 

‘•Vicious development is exemplified in the various forms of eon-, 
genital abnorinal communications that sometimes form between the y 
ducts of Muller and the urethra and bladder in front and the reetj^'': 
behind. Freeqeious development is occasionally seen in newbOm ;; . 
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infants. In these individuals the breasts are enlarged and may 
secrete fluid. The external genitals are markedly developed, and 
menstruation may occur. The individual in general is large and well 
developed. 

MaliFomiatioiis of the Vagina. — .\cquired malformations of 
the vagina, such as stenosis or atresia, are frequently caused by the 
lesions of labor. They may also result from the application of caustics, 
burning from irritating solutions, lupus, specific ulceration, cancer, 
and the long-continued irritation of a pessary. Stenosis is usually 
found in the upper part of the canal, but may occur in any portion. 
Congenital atresia may be found in different parts of the vagina, but 
this condition is generally found at the orifice, and is frequently 
caused by an imperforate hymen. Atresia of the vaginal canal, due 
to an imperforate hymen, or closure of the vaginal orifice from adhe- 
sions, may not be recognized until the establishment of puberty. 
At this period the patient will experience all the symptoms of men- 
struation, but without the escape of the menstrual flow from the 
genital canal. Instead of escaping externally, the flow gradually 
dilates the vaginal canal, and this may be followed by dilatation of 
the cervix and uterine canal. The fluid may even pass out through 
the Fallopian tubes, dilating these structures, and escape into the 
peritoneal cavity. With the progressive accumulation of the men- 
strual flow within the vagina, bulging of the imperforate hymen will 
take place, and later a bluish or purplish protuberance will appear 
at the vaginal outlet. Vicarious menstruation is not an uncommon 
phenomenon in these persons. 

The accumulation of menstruation in the vagina is termed hema- 
tocolpos. If the fluid extends into the uterine cavity, it is called 
kematoedpometra, and if the cavity of the Fallopian tubes is involved, 
the term hematocolpometrosaljnnx is applied. If the accumulation 
is of a serous, suppurative, or gaseous nature, the condition is known 
respectively as hydrocolpos, pyocolpos, or physocolpos. The treat- 
ment of the accumulation of menstrual fluid within the genital canal 
as a result of stenosis of the vagina or an imperforate hymen consists 
of free incision of the membrane covering the orifice, removing the 
accumulated fluid, irrigating the cavity with warm salt solution, and 
packing with iodoform gauze. If the edges of the incision show a 
disposition to adhere, they should be separated by the introduction 
of graduated vaginal plugs. 

Complete absence of the vagina is uncommon, and is usually 
associated with an absence of the uterus and Fallopian tubes, and 
occasionally of the ovaries, though the absence of the vagina is not 
alwa3rs associated with an absence of the latter organs. This con- 
dition, like stenosis of the vaginal canal, may not be recognized until 
puberty. The treatment of absence of the vagina depends upon the 
desires of the individual. If the woman contemplates matrimony, 
a new vagina may be made. It consists in mak^ an incudoh in the 
vulva between the urethra and rectum. With a sound in the bladder 
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and the finger of an assistant in the rectum the tissues between these 
structures are separated by blunt dissection until the peritoneum is 
reached, which may or may not be incised. The cavity is made as 
large as possible, and flaps from the labia minora and majors, if 
present, are then dissected up and turned in to form a lining membrane 
for the new canal. If these structures do not afford enough tissue 
to line the new vagina, flaps may be dissected from the inner sides of 
the thighs, and made to form a lining membrane for the newly created 
canal. These flaps should be anchored within the vaginal canal by 
sutures, and the tendency to cicatricial contraction should be over- 
come by the repeated introduction of glass plugs. Carl Beck has 
constructed an artificial vagina by first making a transverse incision 
immediately over the symphysis pubis, as in the operation of trans- 
verse suprapubic cystotomy. He then dissects downward between 
the peritoneum and the bladder, hugging the bladder closely to the 
rectovesical space. A counteropening through the tissue between 
the rectum and urethra by blunt dissection is made continuous with 
the suprapubic opening. By this method a channel is established, 
extending from the perineum to aJ}ove the pubes, but without opening 
the peritoneal cavity. Two skin-flaps are then dissected from the 
inner side of the thighs, their bases being represented by the labia 
and their length being sufficient to extend through the depth of the 
newly formed canal. These flaps are grasped with forceps introduced 
from above, drawn through the canal, and sutured to its upper end. 
The suprapubic opening is then closed, and the newly established 
channel is packed with iodoform gauze, so as to press the flaps laterally 
againslr the sides of the passage. Baldwin, realizing the advantage 
of a mucous membrane lining over skin, advocates the use of a loop 
of a lower portion of the ileum or sigmoid flexure. He would incise 
the tissue of the perineum and then dissect upward between the 
rectum and urethra, open the abdomen, and grasp the central portion 
of the sigmoid with forceps, introduced from below, and draw the 
bowel downward through the new canal to the perineum. This part 
of the bowel should then be detached, being careful not to injure the 
vessels of the mesocolon. The continuity of the bowel should then be 
restored by an anastomosis. One end of the vagin&l loop should be 
inverted and closed with a purse-string suture, while the other end 
should be attached around the cervix with interrupted sutures. The 
abdomen should then be closed, and the vagmal loop opened, packed 
with iodoform gauze, and the edges sutured to the skin. This proce- 
dure would form a double vagina, but later the septum between the 
two^ canals may be removed by clamp pressure. Mackenrodt 
advises the employment of vaginal mucous membrane removed from 
patients operated upon for prolapsus as tissue linin g for newly 
form^ vaginse. 

Occasionally, in irregular development of the vagma, the partition 
of Hfiller's ducts faHs to disappear, and a double vagina may be ' 
present, with a septum or partition extending from the uterus to tliiei \ 
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vaginal orifice. In this condition the one side of the vagina may 
appear as a small tubular canal, while the opposite side may be well 
developed, or two well-developed vagime may be present. This 
condition should be treated by the removal of the septum, the stumps 
of the septum being quilted with a continuous catgut suture or 
cauterized by the thermocautery. The walls should then be kept 
from adhering by the introduction of iodoform gauze or vaginal 
plugs. In irregular development one tube may develop to normal 
size, while the opposite tube may be present as a small fibrous cord. 

Malformations of the Uterus.— The uterus may be absent, 
but this condition is extremely rare. When it exists, it is associated 
with an absence of the other organs of the genital canal, and occa- 
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(Montgomery). 

aionally of the ovaries. Absence of the uterus, however, is not 
necessarily associated with absence of the ovaries, and this is due to 
the fact that the ducts of Muller have an independent origin, and are 
not derived from the mesonephric duct. The uterus may be present 
as a rudimentary body, and appear as a small fibrous thickening on 
the posterior wall of the bladder. It may also be represented as two 
vertical fibrous ridges, or appear as an infantile structure. ^ This is 
an organ that retains its fetal shape for several years after birth. A 
uterus of this type may never continue to full development, and, 
therefore, it is a functionless structure. It is characterised by a 
-decrease of all its dimensions and by a greater develbpmwt. of the 
cervix than the bod^, thp former portion forming two-thirds and the 
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latter one-third, a complete reversal of the normal condition. The 
uterus may be divided by a septum, due to a failure of the partition 
formed by the coalescence of Muller’s ducts to disappear. This 
septum may be limited to the upper part of the uterus, or it may 



Fill. 114.- BKvicEH or Double Utbrub (J. M. Fisher). 

extend to the internal os, or even to the external os, dividing the 
organ into two cavities. Tlie two sides may be equal or unequal, one 
side being well developed and the other side being small and [>oorly 
developed. This septate condition is the most frequent form of 
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malformation of the uterus. The organ may appear as two distinct 
lobM attached to a. single cervix, known as uterus bilobularis 
(Fig. 113). Fig. 113 shows one half of a bilc^iulated uterus con- 
taining a three months’ fetus. The organ of the opposite side 
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in this patient was normal in size and was allowed to remain. The 
tubes and ovaries were normal. This patient was operated upon for 
an inevitable abortion, and the diagnosis of the unusual condition 
was not made until the time of operation. The uterus may also 
appear as two cornua attached to a single cervix, when it is termed 
uterus bicornis bicolis. When two separate and distinct organs 
exist, each with one tube and ovary, the deformity is termed uterus 
didelphys (Figs. 114-116). The two canals of Muller may be un- 
eciually developed, and thus produce inequality of the two sides of 
varying form. The canal of one side may be completely atrophied, 
while the other presents a well-developed h«)rn — the uterus unicornis. 
Usually total absence of one side is associated with an absence of 
the corresponding tube, and occasionally of the ovary. In the con- 



Fig. 116. — Intkrior op Dottblb UTBRim (J. M. Fisher). 
Vortifsal section of Figs. 114 and 115. ■ 


dition known as uterus unicornis, only one duct develops. Ihis 
structure may be rudimentary, or it may appear as an organ well 
developed and capable of fulfilling its designed function, qb shown 
in Fig. 117. In this patient the organ occupied the right side of the 
pelvis, and was provided with a normal Fallopian tube. The ovary 
was situated in the posterior leaflet of the broad ligament. Miiller^s 
duct of the left side was totally absent, but the left ovary was pres- 
ent, and was anchored to the peritoneum over the sacro-iliac joint. 
This patient gave birth to a normal child twenty-one years before the 
operation. 

‘ If the organs are rudimentarily developed and pregnancy takes 
place, the condition should be regarded with the same degree of 
gravity as pregnancy occurring in a Fallopian tube, and if recognized, 
VOL. V— 25 
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the same treatment should be instituted. Atresia may occur in the 
canal of a rudimentary or poorly developed horn, and may lead to an 
accumulation of menstrual secretion and the formation of a tumor of 
varying size. The diagnosis of such a condition would perhaps be 
largely accidental. 

Accessory uteri have been reported, and Hollander, according to 
Montgomery, found a second uterus lying in front of the normal 
organ, between it and the bladder. It consisted of a cervix with two 
orifices, but was not provided with adnexa or round ligaments. 

Absence of the Fallopian tube is a rare occurrence, and is asso- 
ciated with a similar condition of the remaining portion of the genital 
canal. The ovaries, however, may or may not be absent. The 
absence of one tube is of a more frequent occurrence, and is usually 



Fio. 117 .— An Unusually Well-ueveloped Unicoanatb Uterus Complicated by an 
Ovarian Cyst (Montgomeiy). 


associated with a unicornate uterus. The tubes may exist as rudi- 
mentary structures, appearing as small fibrous cords, and this is 
frequently caused by an attack of fetal peritonitis. It is not uncom- 
mon to find Fallopian tubes containing accessory ostia or openings. 
These are located on the surface of the organs and near the fimbriated 
end. Occasionally the tubes are not provided with canals, while, 
on the other hand, two canals, one below the other, may be present, 
Accessory tubes have also been described. Displacements and 
distortions of the tube from congenital causes are not uncommon; 
these lesions have been described as causes of tubal pregnancy. 

Absence of the ovaries is an exceedingly rare condition. It ii 
the least frequent malformation of the femide genitals. Absence:btv 
the ovary of ohe side is usually associated with absence of the <»i^| 
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responding kidney, and occasionally some malformation of the 
genital canal may be associated, but absence of the ovaries may 
exist without any derangement in the genital canal. 

Rudimentary ovaries are not very frequent, but more frequent, 
of course, than an absence of these structures. In rudimentary 
organs the Graafian follicles are poorly developed or wholly absent, 
menstruation is scanty or may not occur, and the woman is, as a rule, 
sterile. Supernumerary ovaries are exceedingly rare; only one 
authentic case has been recorded. Accessory ovaries have been 
frequently found in relation with a normal ovary, and usually 
enveloped by the same covering. This condition is due to a con- 
stricting-off process during development. Accessory ovaries have 
been assigned ae the cause of the continuance of menstruation after 
bilateral oophorectomy, but it is a question whether the persistence 
of the menstrual flow after operation is not due to failure to remove 
all portions of the diseased organs, and not to accessory structures. 

Congenital displacements of the ovaries are not infrequent. 
They have been found in various positions in the abdomen and 
pelvis, and cases are frequently recorded where ovaries have formed 
part of the contents of a hernial sac. 
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raXLAOBLPHlA. 

General Considerations. — Before considering the surgical dis- 
eases of the vulva and vagina individually, it is well to recall some 
of the anatomic peculiarities of the parts and their relation to patho- 
logic lesions in general. , 

1. The loose tegumentary and fibroli^matous character of the 
mons and labia indicates the hypertrophies and the forms of nev^ 
growths occasionally met with in this region, while the open-mouthed 
follicles of both the larger and lesser labia, together with other ^andu- 
lar structures, present re^y avenues for infwtion that fr^uenuy 
terminate in suppurative or ulcerative proc®*®®. 
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2. The irregular contractile property of the tissues of the vulva, 
depending upon the sparsely though widely distributed non-striated 
muscular fibers, frequently accounts for the extensive loss of sub- 
stance in infiammatory and ulcerative conditions, as well as the 
difficulties experienced in securing cicatrization. 

3. The relation of the vaginal bulbs to the erectile system, their 
free anastomosis with the vaginal and vesical plexuses and with the 
rich venous supply of the parts, generally not only explain the forma- 
tion of labial hematoma resulting from external violence or following 
the traumatisms of childbirth, but likewise account for the alarming 
hemorrhages that may follow the rupture of a varicose vein or a wound 
of the deeper parts, either by accident or during an operation. 

4. The abundant nerve-supply, both spinal and sympathetic, 
of the external parts accounts for the intense itching, hyperesthesia, 
pain, reflex phenomena, and constitutional disturbances that fre- 
quently attend apparently insignificant local lesions. 

5. In the differentiation of the more frequent forms of labial 
enlargements the situation, under normal conditions, of Broca’s 
sac,^ its relation with the inguinal canal, and the danger of mistaking 
a labial hernia for some other form of enlargement, should be con- 
stantly borne in mind. 

6. Nothing in the study of malignant disease of the vulva or vagina 
is of greater clinical importance than a knowledge of its lymphatic 
extension and glandular involvement. For a detailed description 
of the lymphatics, so essential to a proper understanding of the sub- 
ject, the reader is referred to treatises on anatomy. 

7. -The superimposed layers of squamous epithelium and the 
resemblance of the vaginal mucous membrane to the skin in all but 
the presence of a homy layer and of glandular elements in a large 
measure account for the comparative immunity of this structure to 
infectious processes, and the readiness with which it throws them off 
when once established; while the loose connective tissue forming the 
deeper structure of the vagina, with its valveless venous plexus and 
large lymphatic sinuses, explains the embolic processes, together with 
the pUegmonous and wide-spread destructive changes that may 
attrad the rarer and more penetrating forms of inflammatory disease, 
as well as the extraordinary malignancy and utter hopelessness of 
cancer of this portion of the body. 

SURGERY OF THE VULVA. 

btFLAMMATORY AND ALLIED DISEASES OF THE VtJLVA. 

Vulvitis. — ^Bacteria are practically the exciting agents of dl 
varieties of vulvitis. The vulva is constantly exposed to their inva- 
sion^ but their deleterious influence usually is resisted by the stratified 

•*The elastic tissue of each labium is so airanged as to form a sac having its neck 
at the external inguinal ring and its fundus just above the posterior conunissure. It 
is filled with loose connective tissue and fat, and is rarely defined, save in caaSa' 
gf labial hernia. It was first described by Broca. 
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epithelium of the vulvar structures, while the normal acid discharge 
from the vagina, with its immunizing flora, is largely inimical to the 
growth of pathogenic germs generally. Among the structures of 
the vulva with diminished resistance to bacterial invasion, in which 
infection is more persistent and most destructive, are the sebaceous 
glands and the hair-follicles of the labia, the vestibular glands, Skene’s 
ducts, and the vulvovaginal glands, or glands of Bartholin. Indeed, 
it is doubtful whether the last-mentioned structure, when once 
invaded by the gonococcus, is ever completely freed from the infec- 
tion. In children, the tender epithelial covering of the labia and the 
scanty vaginal secretion offer a lowered resistance to invading micro- 
organisms; as a result, vulvitis is more frequent before puberty, has 
a greater tendency to involve the surrounding structures, and may 
become a much more serious condition than in the adult. The rela- 
tive immunity afforded by the protective forces mentioned may be 
lowered by several conditions, designated as predisposing or con- 
tributing causes of vulvar inflammations. Of these, uncleanliness 
is the most prominent. If the collected secretions from the sebaceous 
and sweat-glands, together with the discharges from the uterus and 
vagina, are permitted to accumulate, they may undergo decom- 
position, macerate, and irritate the parts with which they come in 
contact. Acrid discharges front urinary or fecal fistulas, malignant 
disease, or necrotic tumors of the uterus invariably produce vulvitis. 
Persistent scratching of the vulva to allay itching from any cause, 
masturbation, and too frequent coition may injure the delicate 
vulvar tissues, with resulting inflammation. 

Streptococcic infection of vulvar lacerations excites a form of 
vulvitis known as diphtheric, because of the presence of a fibrinous 
exudate or pseudomembrane resembling a diphtheric condition, but 
in which the Klebs-Loeffler bacillus is absent. True diphtheric 
vulvitis is possible, but rare, and usually occurs in childhood. 

Symptoms. — ^The early symptoms of all varieties of vulvitis are 
itching of the part, a sense of discomfort, especially, on walking, 
increased discharge, burning pain, aggravated by exertion and contact 
of the urine with the inflamed surface. The changes which occur in 
the vulvar tissues depend largely upon the degree of irritation and 
the infecting organism. In the milder or catarrhal form induced by 
uncleanliness, irritating discharges, pediculi, etc., the labia become 
swollen, tender, hyperemic, and bathed in mucus or mucopus. The 
inflammation may be limited to the vulva, extend outward over the 
buttocks or upward into the vagina, and may involve the deeper 
pelvic structures. When the sebaceous glands and hair-follicles are 
involved, they project as reddened papules or pustules, producing a 
form known as follicular vulvitis. 

Oonorrhedl vnlvitia is characterized by a ^ater intensity of the 
symptoms, more swelling of the parts, a distinct purulent, yellowish 
discharge, by a tendency to involve the urethra, the 'ralyovaidnd^^ 
and inguinal glands, and to extend upward into t^ ya|^a and 
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cervical canal. As a result of the urethral involvement, frequent 
and scalding urination is so common that it is almost considered 
diagnostic of a gonococcic infection. Pressure along the course of 
the urethra usually causes the extrusion of pus through the external 
meatus. Bartholin’s glands become swollen and tender, and pressure 
upon them likewise results in the appearance of a drop of pus at the 
mouth of the duct. The inguinal glands are swollen, tender, and 
frequently suppurate. 

In puerperal mdvitia, chills, fever, sweats, and other constitutional 
symptoms are more common than in the other varieties; local B 3 rmp- 
toms arc usually aggravated; existing vulvar lesions are covered with 
a yellowish or brownish exudate, and surrounded by w edematous 
and tender zone. 

Chronic vulvUis usually results from the untreated catarrhal or 
exanthematous varieties. The most common symptom is pruritus. 
(See Pruritus Vulvte.) The surface of the labia majora is thickened, 
fissured, and excoriated. 

Trealment^The treatment of vulvitis consists, first, in the 
removal of the cause when possible; second, the maintenance of cleanli- 
ness, and third, the application of soothing and specific agents. 

In the early stage of the catarrhal form rest in bed, with the ap- 
plication of gauze saturated with lead-water and laudanum or a solu- 
tion of aluminum acetate, allays the inflammation and relieves the 
itching and bunting. Cleanliness is secured by warm sitz-baths and 
by vulvar irrigations with one of the following solutions: sodium 
chlorid, 1 dram to 1 pint; boric acid, saturated solution; or bichlorid 
of mercury, 1:5000. 

After the subsidence of the acute symptoms, the application of 
soothing antiseptic drying powders is indicated, such as bismuth 
subnitrate and boric acid, or equal parts of zinc oxid and boric acid. 
If the pruritus is annoying, 2 to 5 per cent, of phenol may be added 
to these powders. If profuse, the secretion may be controlled by 
incorporating alum, lead acetate, or tannic acid, to the extent of 26 
per cent. Ointments are sometimes more soothing and efficacious 
than powders. Those which have proved useful consist of 10 per 
cent, acetanilid, 10 per cent, boric acid, 3 per cent, phenol; or one con- 
taining starch, 1 dram, zinc oxid, 1 dram, and benzoinated lard, 6 
drams. In vulvitis occurring as an extension of vaginitis, vaginal 
douches and medicated tampons are a necessary part of the treat- 
ment. (See Vaginitis.) 

The treatment of gonorrheal vulvitie consists in cleansing the vulva 
with warm imlutions of bichlorid of mercury 1:5000, or potassium 
permanganate 1:2000, and the application, by means of a cotton 
swab, of solutions of argyrol, 25 per cent., protargol, 2 to 6 per cent., 
or mefcurol, 2 per cent. The vulvar lips should be kept apart with ; 
pledgets of sterile gauze. Unless the vagina is involved, vaginal ; 
douches should be prohibited. The best results in the treatment pf / 
chronic gonorrheal vulvitis are obtained by the employm^t c^ :^; 
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fl t,imii1at.ipg applications, such as diachylon ointment or citrine oint- 
ment, 25 per cent.; or one composed of phenol and menthol, 20 grains 
of each, camphor, 30 grains, and benzoinated lard, 1 ounce. It is 
especially in the chronic form that any underlying constitutional dys- 
crasia, as diabetes, gout, or rheumatism, should be looked for. 

Bartholinitis, or inflammation of the vulvovaginal glands, 
almost invariably is due to infection by the gonococcus, and occurs 
as an extension of gonorrheal vulvitis. Occasional causes arc trauma 
and infected discharges from the uterus. The infection may involve 
tho duct alone, without extending into the glandular substance itself. 
The ostium becomes swollen, reddened, and prominent, and pressure 
upon tho duct causes the appearance of a drop of thick yellow pus. 
The symptoms are those of the accompanying vulvitis. 

The infection may persist in the duct after it has disappeared 
from the other vulvar tissues, and subsequently, as the result of 
coition or other irritation, reproduce vulvar inflammation. When 
the deeper structure of the gland is involved, it usually results in tho 
formation of an abscess. This may occur either during or subsequent 


to the acute stage of vulvovaginitis. Tho abscess appears as an 
ovoid swelling in the posterior part of the labium. Tho surface of 
the tumefaction is somewhat glistening, byperemic, and occasionally 
bluish, especially over the area where pus has formed. It is of doughy 
consistence, and fluctuates when it has undergone suppuration. 

Symptoms. — ^The symptoms are burning or throbbing pain in tho 
vulva, aggravated by standing or walking, and relieved, if at all, only 
when the patient is recumbent. There may be a discharge of greenish, 
foul pus through the duct, but frequently this is occludcid. It rarely 
undergoes spontaneous recovery, and even after apparent cure of 
ab« c e w formations by incision and evacuation, recurrences are common. 

Treatment.— In the early stage, before suppuration, the treatment 
consists of rest in bed and the application of hot poultices for the 
relief of pain, which, if severe, should be relieved by moderate doses 
of morphin. Plass reports 21 cases, in which 14 patients were succe^ 
fully treated according to Bier’s hyperemia meth^, by a ^cidly 
constructed apparatus, the entering tube of which is proloiigcd within 
the glass, so that tho rubber tubing and ball cannot be mfec^ with 
the discharge. The dass is so placed that the outlet of the mflamed 
gland liM within the opening. It is applied for thirty minutes wrth 
the patient in bed in two sittings each day. The pam is relieved, 
the infiltration disappears, and the secretion soon bwomes normal. _ 

After an abscess has formed, it should be freely mcised upon e 
inner aspect of the labium, the pus cavity thonmghly evacuat^, 
swabbed with pure phenol, and drained with iodoform, gauze. e 
gauze drain should be changed daily as long as jms ^is present. To 
avoid tho possibility of a recurrence, the should be comiUeteiy 
extirpated after the subsidence of the acute symptoms. , - _ . 

Extirpation is accomplished by incision 
extending the entire length of the sWdling^^^ 
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tissue, unless it is cystic, is grasped with forceps and removed from 
the surrounding structures either by blunt dissection, which is prefer- 
able, or by cuttmg aroimd it with scissors or scalpel. Hemorrhage, 
if profuse, should be controlled by ligating the bleeding vessels. 
Usually, however, the bleeding is controlled by the sutures employed 
to close the wound. Those consist of interrupted sutures of silkworm- 
gut placed about one-third of an inch apart, and passed deeply so as 
to obliterate the cavity left by the removal of the gland. Dry dressinp 
are applied and held in place by a T-bandage. The sutures should 
be removed in about a week. 

Cyst of Bartholin’s gland may occur from an occulsion of the ' 
duct resulting in a retention of the glandular secretion; or, as is fre- 
quently the case, precipitation of the solid constituents of a chronic 
absce^ upon the walls of the sac takes place, leaving the watery ele- 
ments to form the enlargement. The cyst appears as a globular, 
clastic tumor in the posterior half of the vulva. It may vary in size 
from that of a hazel-nut to that of a large lemon. Cysts of the duct 
are usually smaller and more superficial than those of the gland proper. 

Symptoms. — ^The smaller cysts are usually without symptoms. 
The larger produce a sense of fullness in the vulva and discomfort, 
especially on walking. Being a source of constant u'ritation, they 
may induce inflammation and suppuration. 

Diagnosis.— The location of the tumor, its globular form, elas- 
ticity, and painlessness will usually determme its nature. It must be 
differentiated from labial hernia, hematoma, and hydrocele. 

Treatment. — Extirpation. To insure its complete removal it is 
advised first to puncture and empty the cyst cavity, then fiU it with 
melted paraffin, which may be quickly hardened by the application 
of ice. This is best accomplished by the use of an antitoxin syringe, 
with a needle having a large bore. The secondary tumor thus formed 
presents definite outlines and facilitates the removal of the entire sac. 
Tlie wound should be closed with deep sutures, as recommended in 
chronic inflammatory conditions of the gland following abscess forma- 
tions. 

Abscess of Skene’s Ducts.— The extension of gonorrheal vulvo- 
vaginitis to the urethra is so common as to be almost pathognomonic. 
Th 9 urethral inflammation is usually transient. It may persist, 
however, in Skene’s ducts, and result in suppuration. These ducts, 
the open mouths of which may be seen on the floor of the urethra, 
one-eighth cf an inch from the meatus, extend upward beneath the 
mucous membrane about three-fourths of an inch. The abscesses 
thus formed, therefore, are suburethral in character, and project as , 
painful, ovoid, fluctuating tumors in the vestibule of the vagina, oh. 1 
each side of the urinary meatus. Pressure upon them results in the; 
appearance of pus at the urethral orifice. These abscess formstio^^v, 
are Very rare, only one case of the kind (Fig. 118) having come undW i / 
my own observation at the gynecologic clinic of the Jefferson Ho8pltj(i{;|l 
in twenty years. i 
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Tr6fttm6ntii Ev^uation of the abscesses by free incisions and 
iodoform gauze packing until the cavities have become obliterated. 

Lupus of the Vulvfl» — If the term is to signify demonstrable 
tuberculous disease, lupus of the vulva and vagina is extremely rare. 
The discovery of tubercle bacilli is essential to establish an undoubted 
diagnosis. The process is characterized by ulcerative areas, having 
grayish, friable granulations and tuberculous nodules undergoing 
cheesy degeneration, in addition to an increased growth of the con- 
nective-tissue elements, with consequent thickening and induration. 
While the ulcerations indicate active involvement of stmeturo at 
some points, in others there is an evident tendency toward cicatriza- 
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tion, with apparently healthy intervening tissue. It is generally 
found in the second and third decades of life. 

Symptoms and Prognosis^The disease is attended by little pain, 
is essentially chronic in its manifestations, and may continue for years 
without impairing the patient’s general health. The pro^osis depends 
on whether the disease is primary or secondary. If primary, a cure 
can be effected; if secondary, recurrence is apt to follow its removal. 
Its localization in the vulva may be the most prominent symptom, 
while the original focus of the disease remains concealed. 

Treatment.— The treatment is the same.^ as tuberculous^ disease 
in other portions of the body* An outdoor life, good nutrition, and 
^neral tonics are always indicated. IkicaUy,;' the ti’eatment w 
m the thorough removed of disease by; t^ use of the> Imtfe, euret» 
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or actual cautery. The x-ray has been used with apparent success 
in a few instances. 

Pruritus vulvs is a symptom, not a disease, and is charac- 
terized by itching of the vulva. It occurs as a result of an irritation 
of the sensory nerve-endings in the skin, and frequently depends upon 
causes difficult of detection, while in no small percentage of cases its 
etiology remains unsolved, thus accounting for its persistency and 
intractability. The neuropathic temperament generaUy is an essen- 
tial predisposmg factor, and in some cases appears to bo the origmating 
center. It is not an infrequent complication of melancholia and 
other forms of insanity, and its presence in young widows and in women 
whose husbands are absent for a long time tends to prove a purely 
neurotic basis, resulting from unsatisfied sexual emotions. Derma- 
tologists as well as neurologists admit a pruritus of nervous origin. 
While the tendency to a morbid, nervous impressibility exists in al- 
. most all cases, the usual excitmg causes may be classified as constitu- 
tional, local, and external. 

Among con^itutional causes are the various diatheses; diabetes, 
nephritis, icterus, and circulatoiy disturbances. Some patients suffer 
from it upon approach of menstruation or at the time of the flow, 
while others are afflicted only during pregnancy. Local causes include 
all forms of disordered and diseased conditions of the vulva and anus, 
irritating discharges of every description from the vagina, or rectum 
and changes due to the menopause or old age. Exceptionally, it 
undoubtedly depends upon reflex irritation provoked by intestinal 
disease or some disorder of the internal generative organs. The 
external causes may bo thermic, mechanic, or parasitic. Some patients 
suffer from this symptom in winter and others in summer. Masturba- 
tion, undue manipulation of the parts, especially with dirty hands, 
the presence of ^iculi, ascarides, and various forms of vegetable 
parasites, arc the exciting factors in many cases. Kelly suggests the 
possible presence of some unrecognized organism pululating in the 
moisture and secretion of the parts as a cause. 

Every case of pruritus, irrespective of the supposed cause, demands 
an examination of the urine, because, of all constitutional disorders, 
diabetes is the underlying disease in a large proportion of cases. 

• Symptoms.— The one dominant feature is itching of a portion or 
of the entire vulva. Beginning as a slight irritation, sooner or later 
it provokes an irresistible inclmation to scratch and rub the affected 
parts. This in turn causes more pronounced itching, leads to mom 
constant Scratching, with consequent abrasions and inflaminato^ 
changes that continue to aggravate the original trouble, thus esta^ 
lishing a vicious circle that results in loss of sleep and rest, , 

nutrition, and an increasing nervous irritability, which in rare instances: 
tqpnioates in insanity and may even end in suicide. Such pronouficiSl^:;. 
evidences of the infection am not present in all cases, but in accordaiii^f; 
with the imderlying cause, the symptoms may vary from insigtiifieiNBl;' 
and occasional itcl^g to continual torment. The irritatimi 
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is intermittent in its manifestations, the remissions occurring at inter- 
vals of hours or days. It is u^ally worse at night, during the 
warm season, and when the patient becomes overheated from any 
cause. 

Treatment. — ^To ascertain and remove the underlying cause is 
the first indication. Constitutional conditions and localized diseased 
processes must be met in accordance with commonly recognized plans 
of treatment that need not be referred to here. 

If supposed to depend upon a discharge from the vagina, the source 
of this discharge should be sought for, and a test made to prove that 
its presence is the responsible factor. This may be done by first 
cleansing the vagina and then holding back the discharge with a sterile 
tampon, and in proportion to the relief secured will this be determined 
as a cause of the trouble. This done, proper measures directed toward 
the correction of the special disorder causing the discharge, or for 
neutralizing its deleterious influence, should be instituted. When 
the irritation is of parasitic origin, or depends upon the presence of 
special micro-organisms, the parts should bo shaven, thoroughly 
scrubbed with soap and water, and then treated with appropriate 
germicides. Special skin lesions should be treated as elsewhere on 
the body surface. 

For the mere alleviatioi! of the pruritus itself there is hardly a 
lotion, ointment, or powder supposed to have the property of allaying 
irritation that has not been tried and found wanting. The application 
of very hot water often gives decided relief. Washes or ointments 
containing one or more of the following have been found useful: 
Carbolic acid, cocain, lead-water and laudanum, boric acid, menthol, 
alcohol, borax, chloral, camphor, lime-water, ichthyol, guaiacol, 
nitrate of silver, diachylon ointment, and calomel powders. As the 
trouble is aggravated by friction, heat, and nervous excitement, 
these things should, if possible, be avoided. Tea and coffee, stimu- 
lants, rich and highly seasoned foods of every description should be 
interdicted. Proper hygienic conditions with reference to- environ- 
ment, air, bathing, clothing, and exercise often aid the physician in 
bringing about a cure in an otherwise intractable case. In the general 
treatment of these cases, the nervous element should not escape 
attention. In those of a purely neurotic type, e. g., without demon- 
strable lesion, the skill and tact of the attendant may be taxed to the 
utmost, and often without result. The x-ray might prove of value 
in some cases. ^ ^ ^ . 

When local and constitutional measures fail to give relief, one 
of two plans may be followed surgically: either the parts ^ected 
can be excised, or resection of the senEiory nerves mneivating the 
structures can be done. Hirst reports three cures by resecting the 
genital branch of the gemtocrural, the ilio-ingujn thp perineal 
branches of the pudic, the dorsal nerve of the clitoriB, and^the infewr 
or long pudendal nerve on both sid^. To do this. re^unW 
cisions : Two corresponding with the iheiuons , for the .^exander. 
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operation; two along the inner edges of the ascending rami of the 
ischia, from the tuberosity to a point two inches above it. 

VaginismuSi like pruritus vulvse^ is a symptom and not a disease; 
the two conditions may be associated. It is characterized by painful 
tetanic, neuromuscular spasms of either the muscles surrounding the 
vulvovaginal orifice (vaginismus inferior) or the levator ani muscles 
(vaginismus superior). It is excited more especially by efforts at coi- 
tion or upon an attempt to make a vaginal examination. 

Etiology and Symptoms. — In most cases it is a distinct neurosis 
occurring in young, nervous, hysteric brides, but may develop in 
W'oinen who have borne children. In some cases it is secondary to 
irritating or painful disoas(?d conditions of any portion of the genital 
system, pelvic i)eritoneum, bladder, urethra, or rectum. Among 
the most fioquent local causes are fleshy, unyielding or inflanu^d hy- 
men, irritable caruncul® myrtifomies, fissures and abrasions of the 
introitus, neuroma of the fossa navicularis, urethral caruncle, and 
anal fissure. On the part of the male, an unusually large penis or 
ill-directed efforts at coitus, impotence, or premature ejaculation 
may induce extreme nervous irritability and localized sensitiveness 
in the wife, with resulting vaginismus. 

The spasmodic and painful manifestations incident to the muscular 
contractions usually render intercourse * impossible. If the hyper- 
sensitive area involves the vulvar stiuctuitjs, painful spasms of the 
vulvovaginal orifice may bo excited by the slightest touch, and at- 
tempts at coition may be attended with t(5tanic seizures of the mus- 
cles of the thighs and convulsive movements of the entire body. If 
the levator ani is at fault, no difficulty may be (m(!Ountered at the 
vaginal entrance, but upon partial penetration a resisting contraction 
is met with, and if the spasm for the moment is overcome and the head 
of the penis passes the edge of the levator, the corona of the organ 
may be encircled by the muscle, resulting in temporary vaginal 
imprisonment (penis captivus), with excruciating suffering to both 
participants. Women suffering from persistent vaginismus usually 
are very nervous and irritable, and sooner or later fail in general 
health. 

Prognosis.— This is unfavorable as to cure if nothing is done. 
Sterility is common. If successful coitus on the part of the male is 
at all possible, one or two repetitions of the act may overcome the 
difficulty. Pregnancy and its normal termination usually effects a 
cure. Removal of the localized causes likewise relieves the condition, 
but not in all cases. 

Treatment. — Interdict attempts at coition until a cure has been 
effected, unless convinced of the possible consummation of the act 
and of its therapeutic value. The patient should occupy a room and 
bed alone. Insist upon making a thorough pelvic examination, if 
necessary under anesthesia, and thus ascertain, if possible, the under- 
lying cause. Whatever the structural lesion (with few exceptions) 
may be, even if its eradication is not to be attempted at the time. 
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but more especially if no appreciable local cautKs is discovered, advan- 
tage should be taken of the patient’s anesthetic state forcibly to 
overstretch the vagina with the fingers to the extent of feeling some of 
the sphincter fibers give way. This in itself may afford considerable 
relief, and will effect a cure in not a few of the simpler forms of the 
trouble. 

Whatever else may be necessary, the patient’s general health 
should not be neglected. A proper hygienic regimen concerning 
hours of rest and sleep, exercise, bathing, and attention to the diges- 
tive and eliminative organs are essential to se<!uro the bcist results. 

The cases depending upon gross pidvic lesions usually aro the 
easiest cured. The removal of the disease generally relieves the 
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condition, excepting in those with an established, localized, hyper- 
sensitive habit, and these finally yield to appropriate local and con- 
stitutional measures. If abnormalities of the hymen or caruncles 
are the causative factors, they should be treated or removed as may 
bo indicated. Fissures of the introitus or the anus should be treated 
by divulsion and applications of nitrate of silver. Neuromata of the 
fossa navicularis and urethral caruncles . require thorough removal, 
and all other local abnormalities should be met in accordance with 
well-known principles of surgery- 

The severe cases without a demonstrable cause are, as a^ rule, the 
most intractable to treatment. In mild cases of a neurotic type a 
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plcMlgot of cotton saturated with a 5 per cent, solution of cocain and 
placed into the vaginal orifice about ten minutes, followed by some 
unguent, usually permits intercourse without exciting spasm and 
pain. In 1887 I reiH>rted a case of an aggravated character completely 
relieved by the vaginal application of galvanism. In some of the 
severer forms of the affection a cure is effected by forcible dilatation 
under ether, as already indicated, followed by the introduction of a 
snugly fitting glass plug, to be worn from three to four hours daily, 
extending over a period of several wrecks or months. In obstinate 
and otherwise inlractabhi cases with no palpable cause, Sims rccom- 
meiuU?d excision of the hymen, forcible sti*ctching of the vaginal ori- 
fice, followed by V-shaped incisions, extending deeply into both vaginal 
sulci, two inches in length, and half-way through the perineum. Hougies 
as large as could bo tolerated were then introduced and worn from 
two to four hours daily, extending over a perit)d of two or three weeks. 
Hirst makes practically the same incisions (Fig. 110), and then 
introducc's a transverse row of sutures from above downward, 
uniting the vaginal mucous membrane to the skin of the perimmm 
(Fig. 120). He thus secures a dilatable vulvar orifice and introitus, 
with a k^ssened degre^e of the contractile power of the levator ani, 
and in this way claims to have cured some of the worst cases. Tavel 
resects the internal pudic nerve. This is reached on each side by an 
anteroposterior incision in the corresponding ischiorectal fossa, mid- 
way between the tuberosity of the ischium and the outer margin 
of the anus. The nerve is located by the pulsation of the accom- 
panying artery and divided. The peripheral poition is then twisted 
off. 

Kraurosis vulva? was first described by Briesky in 1885. It is 
a ran^ disease. 

Pathology and Etiology. — A specific form of progressive atrophy 
and contraction of the vulva. The vestibule presents depressed, 
irregular, reddish-brown spots that disappear as the disease progres- 
ses. The labia and clitoris become pale, shrunken, wrinkled, • and 
as distinct formations may become completely obliterated. In the 
later stages of the disease tlie sebaceous and sudoriferous glands, the 
hair-follicles, and likewise the blood-vessels disappear, the parts be- 
come whitish, striated, brittle, and present the appearance of 
irregular cicatrices. The vulvovaginal orifice becomes narrowcxl and 
inelastic. Longyear has observed sclerosis of the loose cellular tissue 
of the parts as the essential lesion, which, by its contraction, obliterates 
the nutrient vessels, thus causing the characteristic shrinkage of the 
overlying structures. The cause of the disease is unknown. It is 
found in virgins and married women, in adult life and old age. In 
some cases it has followed removal of the ovaries. It predisposes to 
cancer. 

Symptoms. — Some of these patients suffer little or no inconvenience 
until late in the progress of the disease. Burning pain, intense prui> 
tus, and dyspareunia are among the most prominent symptoms. A 
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disagTTOablo tension of the skin in walkmg and smarting pain on 
urination are likewise complained of. The hyperesthesia and pruritus, 
with loss of sleep and consequent anorexia, sooner or later affect the 
patient constitutionally. 

Treatment— The complete removal of the sclerosed cellular 
tissue, together with the contracted overlying structures, is the only 
treatment that offers any hope of cure or relief from the distressing 
symptoms. The stenosis is incurable. As a soothing application, 
and especially for protecting the parts during urination, an application 
of carbolized mutton>suet is of some value. 

Hypertrophies and Benign New-grotths of the Vulva. 

Simple hypertrophy of the vulva, sufficient to be considered 
abnormal, rarely involves all the vulvar structures. The parts most 
frequently affected are the labia minora and the clitoris. 

Hypertrophy of the labia minora may involve one or both labia 
to a degree that they may extend down and'unite in front of or l)ehin(l 
the anus, and in some cases project like wings or aprons covering the 
vestibule and the clitoris. It is not an infrequent abnormality among 
Hottentots, in whom the hypertrophied labia may reach to the knees. 

Initation from friction, frequently resulting in inflammatory 
clianges, is the principal symptom. 

Treatment. — Amputation of the labia. 

Hypertrophy of the clitoris may occur, so that the organ attains 
the size of a boy’s penis. The condition in some cases leads to onanism 
from friction, interferes with coitus, or gives an abnormal direction 
to the stream of urine. 

Treatment . — Partial or complete amputation of the organ is the 
only remedy, but should not be advised unless the condition causes 
symptoms. 

Cliloridectomy, or excision of the clitoris, may not only be demanded 
in cases of hypertrophy, but for the cure of malignant or tuberculous 
disease, or for the rriief of extreme hyperesthesia of the organ. A 
circular incision is made around the exposed portion of the organ; the 
prepuce is then slit close to the symphysis; the clitoris is now dissected 
out of the surrounding tissues, and severed close to its origin from the 
crura. Hemorrhage is controlled by ligatures, and the wound is 
closed by deep and superficial sutures, as may be indicated. 

Hypertrophy of the prepuce of the, clitoris and adhesions of the 
T^ejnux and glans are abnormalities that frequently cause very annoy- 
ing symptoms. The irritation of the former may lead to masturbar 
tion, whfle the latter, owing to the irritation of the glans by decom- 
posing smegma, may cause serious neurotic disturbances. 

Treatment . — Amputation of the redundant skin, with suture of 
the wound in the one, and breaking up the adhesions and keeping 
the^ surfaces apart until the parts have healed in the other, are the 
indications. ' , ’ 
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Elephantiasis of the vulva is characitorized by hypertrophy 
of the skin and subjacent connective tissue, associated with dilatation 
of the lymph-channels. It should not be confounded with the ele- 
phantiasis of the tropics, which is of parasitic origin and usually affects 
the lower extremities. The non-parasitic variety may be mot with 
in any climate. It may be of rapid or slow growth, covering from 
one to thirty yeara. The clitoris, labia minora, labia majora, and 
perineum are the principal points of origin of the disease. The result- 
ing tumor may involve the whole or part of the vulva, may attain a 
size to reach btdow the knees, and weigh thirty or more pounds. The 
surface of the growth may be smootli, rough, warty, or ulcesrated, 
and is frequently fissured and lobulated. Negresses are veiy much 
more susceptible to the disease than white women. 

The etiology of the disease is unknown, but it is generally conceded 
that syphilis is the most frc'quont cause. An obstmetion to th(5 lympli- 
channels appears U) be an essential factor in its development, depend- 
ing in some cases upon chronic inflammatory changes. 

Symptoms. — Itching, dull aching pain, and ulceration are among 
the most prominent symptoms, and, in accordance with its size, the 
tumor may caus(^ difficulty in w'alking, urination, dc>facation, and 
copulation. The disease in itself does not impair the patient’s general 
health, but the mechanic difficulties that may ensue and the abrasions 
and ulcerations from friction tliat usually attend these growths may 
lead the patient to adopt a secluded and sedentary habit, with all its 
evil consequences. 

Diagnosis. — It is differentiated from other growths of the vulva 
by its being a simple hyperplasia and hypertrophy of apparently nor- 
mal skin and connective tissue, without lines of demarcation. In 
the presence of doubtful ulcerations a section of the tissue should be 
examined microscopically. 

Treatment. — This consists in the removal of the hypertrophied 
structures. In some cases it may be necessary to place the patient 
on a preliminary course of antLsyphilitic remedies, or to treat the 
diseased parts with antiseptic washes and douches for several days 
before operation. 

Tho operations should bn done under the strictest aseptic and 
antiseptic precautions, in order to avoid infection and its ready dis- 
semination through the dilated lymph-channcls. Before using the 
knife all ulcerated surfaces should bo thoroughly seared with the 
thermocautery. By enveloping the mass with gauze, a firm hold may 
be secured for fixation and traction, while tho tissues about the base 
are incised from abovo downward, leaving enough skin to cover the 
resulting wound. A portion of the involved skin may be retained 
for forming flaps without incurring the risk of a recurrence of the 
disease. Time will bo saved by excising the whole mass at once, con- 
trolling the bleeding with hemostats, and subsequently ligating the 
clamped vessels, and then closing the wound with deep sutures. In 
the removal of very large tumors Kelly recommends pulling out the 
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mass to form a pedicle, transfixing a portion of the base with two or 
three stout silk sutures, one below the other, severing the correspond 
ing portion of the pedicle overlying the sutures, then tying the sutures. 
This is followed by a succession of similar steps until the whole tumor 
has biX5n removed and the wound closed, with but little hcmorrhace. 
(See also Vol. II, p. 595.) 

Condylomata of the Vulva. — These warty hypertrophies may 
be non-specific, gonorrheal, or syphilitic. 

Non-specific cordylcmata occur in two forms: (1) Hard papillo- 
mata (ordinary warts) may appear singly or be widely separated by 
healthy skin, as on other portions of the body surface. They are not 
caused by infection, neither do they infect the parts with which they 
come in contact. (2) Pointed warty growths of a less resisting character 
than the preceding type, occurring singly or grouped in conglomerate 
masses, usually pedunculated, may develop as a result of the nutritive 
stimulus incident to gestation, or may spring from an irritative base, 
superinduced by mere uncleanliness, while in some cases no assignable 
cause for their appearance can be detected. They may be autoinoc- 
ulable. 

Gonorrheal condylomatay or condylomata acuminata, pointed con- 
dylomata (venereal warts), develop upon an inflammatory base of 
gonorrheal origin in any portion of the vulva, and rarely in the vagina. 
The papillomatous outgrowths arc branched and pointed; they oc- 
cur singly, in groups, or as confluent, cauliflower masses. In 
color they vary from a grayish-white to bright red. Ulcerations are 
rare unless the outgrowths are exposed to friction or other forms of 
direct irritation. Tlic surface is usually soft and moist, and may bo 
the seat of a profuse fetid secn)tion that irritates the surrounding 
skin. Similar growths upon adjacent skin surfaces produced by 
contact infection arc common. They grow ve^ rapidly during preg- 
nancy, and may disappear after the puerperium. The gonococcus 
merely is a predisposing factor, and not the essential cause in their 
development. 

Syphilitic condylomata, or condylomata lata, bro^ condyloma, are 
merely soft, grayish, exuberant, and exaggerated warty excrescences, 
with broad bases that might well be termed elevated mucous patches, 
having the same pathologic characteristics. 

Treatment . — Hard papWanuUa (ordinary warts) have no special 
clinical significance unless they are of large size, exposed to friction, 
or otherwise unfavorably situated. Excision is the proper treatment. 

Non-specific pointed condylomata, as well as those of gonorrheal 
origin, demand, first of all, the removal of the cause by the use of 
antiseptic douches and cleansing washes. The application of a drymg 
powder, consisting of equal parts of calomel and salicylic ^id, with 
a prolonged daily exposure of the parts to pure air and sunlight, may 
bring about a cure in the less aggravated forms of the trouble. The 
application of a saturated solution of iodoform in collodion or a dram 
of salicylic acid to the ounce of collodion has been found useful in some 
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cases. Resorcinol, eight parts, combined with one part each of 
subnitrate of bismuth and boric acid, used as a dusting-powder, is 
highly recommended by Boeck. 

In all cases where the procedure is feasible, especially where the 
condylomata have attained considerable development, their removal 
by a clean surgical operation is to be preferred. 

Small condylomata, though widely distributed, after cocainization 
of the parts may be removed with scissors or a sharp curet. A firmly 
applied compress of aseptic gauze usually is sufficient to control the 
bloody oozing after the operation. The larger growths demand 
e.xcision. Owing to the free mobility of the skin in the immediate 
vicinity of the operation it is possible to remove large areas of the 
vulvar skin and yet to cover the raw surface with ease, and without 
undue tension on the sutures. 

Urethral Caruncle. — Urethral caruncles are localized inflamma- 
tory hypertrophies or angeiomatous growths of the urethral mucosa 
that usually project from the external urinary meatus, and may, 
therefore, be considered with the abnormalities of the vulva. They 
consist of excessively vascularized and hypertrophied papillse and 
connective tissue of the mucous membrane of the urethral orifice, 
forming enlargements of a cherry-red color that vary in size from a 
millet-seed to a pea or a hazel-nut, are sessile or pedunculated, single 
or multiple, and may extend around the meatus or up the canal. 
In accordance with their nerve-supi^ly they are divided into simple 
and neuromatous caruncles. 

Symptoms. — A simple urethral caruncle is without nervous elements 
and is painless. In a neuromatous caruncle there coexists an excessive 
development of nerve-elements, with a corresponding sensitiveness 
of the part, so that urination, coition, locomotion, and even the 
slightest touch may cause exquisite pain. As a consequence, the 
patient may become nervous, hysteric, or greatly depressed. In both 
types hemorrhage is a frequent symptom. A careless observer may 
confound the condition with prolapse of the urethra, but the redupli- 
cated cuff-like projection of the mucous membrane is usually easily 
differentiated from the vascular outgrowth. 

Treatment.— Simple, painless angeiomatous caruncles, unless they 
are of the hemorrhagic variety, require no treatment. Neuromatous 
and hemorrhagic growths should be excised. The pedunculated 
growths, if sin^e, may be removed with knife or scissors, after cocaini- 
zation with an 8 per cent, solution. As .a rule, it is best to do the 
operation under general anesthesia, so that the parts can be fully 
inspected and a thorough surgical procedure carried out. Unless the 
growth is completely extirpated, it may recur. A sessile tumor should 
be lifted up with toothed forceps, and excised well below its base with 
curved scissors. Excessive bleeding may follow the excision; in 
closing the wound, therefore, the stitches should be carried wdl below 
the raw surface and securely tied. 

The operation may be done with a thermocautery. By this means C 
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not only is hemorrhage usuaUy avoided, but the base is cauterized, and 
this serves as a safeguard against a return of the growth; or the tumor 
may be destroyed by the use of the electrothermic needle thrust into 
the depths of the growths at different points. Excision, however, 
should be the operation of choice. The thcrmocauteiy cannot be 
used without endangering the surrounding tissues, and the electro- 
thermic needle is more or less uncertain in its results. 

Lipoma of the Vulva.— Grad found but 29 cases in literature. 
They have been met with in infancy, and as late as the fifty-first year. 
These tumors usually present the same characteristics as lipomata 
elsewhere. They vary in size from that of a bean to a tumor weighing 
24 pounds, and may be sessile or pedunculated. The consistency of . 
the tumor varies in accordance with the predominance of fat or fibrous 
tissue. 

Symptoms. — Small growths cause no symptoms. The larger 
growths may interfere with locomotion and coition, or prove an ob- 
struction to labor. 

Treatment. — If pedunculated, the pedicle should be cut and the 
severed vessels ligated. The wound should then be closed with con- 
tinuous or interrupted sutures. Sessile growths should be removed 
by making an incision over the growth through the skin and enucleat- 
ing the fatty mass, ligating the bleeding vessels, and closing the wound 
with sutures. It is always best not to remove any of the overlying 
skin until the growth has teen shelled out, in order to avoid a deficiency 
of skin or undue tension on the sutures after the edges have been ap- 
proximatcxl. 

Fibromyoma of the Vulva. — ^This is very rare. It usually origi- 
nates in the labia majora or minora. In some cases it arises from the 
round ligament, and after a time descends into the labium majus. 
Fibromyomata of the vulva are of slow growth, round, and well de- 
fined, usually of small size, but may attain the dimensions of an adult 
head. They may be single or multiple, sessile or pcdunculat^. They 
are subject to the same a(<.cidental and degenerative changes as fibro- 
myomata of the uterus. The skin overlying the tumor is freely movable. 
As in lipoma of the vulva, the symptoms depend upon the size and 
situation of the growth. 

Treatment. — Excision of the tumor, observing the same precau- 
tions as in excisions of lipomata. 

The only case of fibromyoma of the vulva that has come under 
my own observation was the following: Mrs. Y., age thirty-nine, 
admitted to the Jefferson Hospital April 7, 1909; Vl-para; negative 
family history; pregnant eight and a half months. She first noticed 
a small tumor in the lower portion of the left labium three years ago. 
This gradually became larger and took on a more rapid growth after 
she became pregnant. It was painless, but at times the seat of con- 
siderable itching and burning, and, owing to its size, interfered with 
locomotion. 

When I first saw her the tumor was as large, as a fetal he^, occiipy- 
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ing the lower three-fourths of the vulva. It encroached upon and 
rimost occluded the vulvar orihce (Plate L). The circulatory 
disturbances incident to pregnancy were much intensified, and the 
overlying tissues were edematous, but not adherent. The mass was 
oblong, smooth, elastic, and freely mova^de. Operation, April 8, 1909. 
Ether anesthesia. To limit the loss of blood an assistant grasped the 
tissues at the b^e of the mass with both hands, making firm pressure, 
i hrough a vertical incision the tumor was enucleated almost exclu- 
sively by blunt dissMtion with the fingers. The resulting hemorrhage 
from tom venous sinuses though free, was not excessive, and was 
easily controlled by buried continuous tier sutures of catgut, used 
for obliterating the deep, excavated-looking wound along the sides of 
the vagina and rectum. She made an uninterrapted recovery. The 
growth was of firm consistence, but elastic and edematous. Its 
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lar^t circumference measured twelve inches, and upon section it had 
a diameter of three and a half by four inches. Dr. A. G. Ellis made 
a microscopic examination of the growth and found it to be almost a 
pure myoma (Fig. 121). 

Hydrocele.— This is neither a hypertrophy nor a new-growth of 
the vulva, but is very properly considered in this connection for diag- 
nostic purposes. The same may be said of varicose veins of the 
vulva. 

NT ,1®™® “hydrocele muliebris” and “hydrocele of the canal of 
Nuck have been indiscriminately applied to a variety of cystic en- 
lar^mOTts m the inguinal region of the female. Rignoli’s classifi- 
cation is the best. Briefly stated, it is as follows: 

1. Diffuse hydrocele in the connective tissue surrounding the 
round ligament. 
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2. Hydrocele of the canal of Nuck, communicating with the ab- 
dominal cavity. 

3. Encysted, hydrocele of the canal of Nuck (without an abdominal 
communication). 

4. Encysted hydrocele of the connective tissue enveloping the 
round ligament. 

Symptoms. — ^The enlargement usually develops slowly, causing 
little or no inconvenience unless it attains a large size or becomes 
inflamed. It is usually globular in form, symmetric in outline, 
elastic and fluctuating, dull on percussion, and does not disappear 
on pressure or by posture unless it communicates with the abdominal 
cavity. 

Diagnosis.— In whatever form present, it is generally mistaken for 
hernia. By recalling the possibility of these cystic conditions and 
their anatomic and symptomatic peculiarities, the practitioner should 
rarely fail in making a differential diagnosis in uncomplicated ciiscs. 
When associated with hernia, which is often the case, the diagnosis 
becora(5S more difficult. Careful incision is the safest and most certain 
diagnostic procedure. 

Treatment. — Excision of the sac with closure of the dilated inguinal 
canal as a prophylactic against hernia. Aspiration followed by ir- 
ritating injections is unsurgieal, and, for obvious reasons, a dangerous 
procedure. 

Varicose Veins of the Vulva* — Varices of the vulva are common, 
in some cases forming irregular knotty tumors or swellings of large 
size. 

Etiology. — Increased intravenous pressure, depending upon 
interference with the return circulation, combined with a weakened 
state of the vessel-walls, are the principal predisposing factors. Preg- 
nancy is the most frequent exciting cause, and if the varicosities an- 
tedate gestation, the condition is always aggravated during this period. 
It may be caused by a great variety of intrapelvic abnormalities, 
including tumors, uterine displacements, and inflammatory conditions 
in general. Constipation, prolonged standing, and laborious occupa- 
tions arc responsible for the abnormality in some cases. 

S]rmptom8. — Small varicosities cause little or no inconvenience. 
The more pronounced forms give rise to a feeling of weight and full- 
ness, dull aching pains, and itching of the parts. The enlargement 
of the labia may attain a size to interfere with locomotion, with result- 
ing abrasions and ulcerations from friction. The recumbent posture 
always causes a temporary decrease in the size of the varices, and they 
may be made to disappear by pressure. Rupture of a vein may occur, 
causing an open or a conceal^ hemorrhage (hematoma), or phlebitis 
may supervene, with a fatal termination. 

Treatment. — If the varices are large and troublesome, the patient 
should be instructed to avoid constriction of the waist, and to support 
the parts by a compress and a T-bandage. She should be cautioned 
against heavy lifting and excessive straining at stool. The rupture 
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of such a vessel may be attended by serious and even fatal hemorrhage, 
unless the patient makes firm pressure over the site of tho bleeding 
point until professional attention can be secured. 

Radical treatment is indicated where palliative measures fail to 
relieve the ^mptoms, and consists in excision of the veins. A vertical 
incision is made through the skin overlying the veins; the varicose 
mass is now exposed by dry dissection and drawn out so as to form 
pedicles at its extremities. The pedicles are ligated with catgut; 
the intervening venous trunks are excised, and the wound is closed. 

Malignant Rew-growths of the Vtn.vA. 

The vulva appears to be particularly exempt from malignant disease. 
Schwarz, in 1177 cases of malignant degeneration of the female geni- 
talia, found tliat 2^ per cent, were primarily located in the vulva, 
while Gurlt, in 7479 cases, discovered tho vulva primarily affected in 
less than 1 per cent. Even the latter proportion seems too large, 
and it is more than probable that many of these were secondary, but 
unrecognized as such. 

Carcinoma of the vulva usually occurs at a more advanced age 
than carcinoma of other parts of the genital tract. It is most frequent 
between the ages of fifty aind sixty years, but has been seen in a woman 
of thirty-one and as late as eighty-four. 

Seat of the Disease. — ^The most frequent site of origin is the inner 
side of the right labium minus, below the clitoris. Less frequent 
points of attack are the sulcus between the labium majus and minus, 
the anterior and posterior commissures, the clitoris, the urinary mea- 
tus, and tho vulvovaginal glands. Papillary excrescences at the muco- 
cutaneous junction in old women have a special predisposition to 
become carcinomatous. 

General Description. — Carcinoma of tho vulva almost invariably 
occurs in the form of an epithelioma, although a few cases of adeno- 
carcinoma of the vulvovaginal glands and of Skene’s ducts have been 
reported. The disease usually manifests itself by a superficial infil- 
tration at first, which later develops into one of two distinct forms: 

1. A more or less prominent outgrowth, well rounded, nodular 
or papillary, with a tendency to the formation of epithelial pearls 
and .comification. It may develop to the size of an ordinary orange, 
and sooner or later becomes the seat of excoriation and idcerations 
that result in the formation of sloughs. 

2. The infiltrating or diffuse form, which, owing to the lessened 
tendency to cornification, is the more active type of the disease. It 
usually presents an elevated, though flattened surface, with deep 
infiltration of the tissues and early destruction of the ceUular elements, . ' 
which soon leads to the formation of ulcers, with irregular, indurated ^ 
edges^. covered with coarse, friable, grayish granulations and a foul- 
smelling discharge. Involvement of the in guinal glands talres place ; 
early in the latter form of the disease. Contact infection has beeti 
observed. 
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Extension of the. disease usually is at first toward the vagina, 
but it rarely involves this structure, passing instead up into the groin 
and down over the perineum. 

Symptoms. — Intense itching is the fimt and most pronounced 
symptom. Pain is not particularly prominent until the deeper 
structures become involved, or after the formation of excoriations and 
ulcerations, when the parts become very sensitive and painful. In 
doubtful cases the microscope should be used to clear up the diagnosis. 
The toxemia and cachexia that are sure to follow sooner or later close 
the scene. 

Prognosis and Treatment. — ^The average duration of the disease 
without operation is about two years. In no class of cases excepting 
in carcinoma of the body of the uterus docs the radical operation as 



AND LaBIJB. with ExTBNBION OF THU 
Wound for thb Removal of the Ingui- 
nal Qlandb. 

Sliding skin-flRiMi from thigliB to olose wound. 

applied to these parts give such good results when done early m the 
disease. Schwarz, out of 23 cases, reported 10 recoveries. It is the 
duty of the physician, therefore, to be particularly alert m makmg 
an early diagnosis and in urging prompt surgical interference. 
Removal of the diseased parts, together with all the remaining vulvar 
structures and the inguinal ^ands, is the only treatment. Sloughing 
tissue should be thoroughly cauterized with a hot iron beginning 
the excision. In no case is it possible to say that the inguinal glm^ 
are not involved. In performing an operation! therefore; the _entHO 
gland-bearing field on both sides should Ire disMKSted out nretr c^^ 
being taken to prevent contamination fro^ Itelow. T^. ^tire 
and clitoris, and, ii^ nscesstty, the lo^r ppr^t^ 
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removed by an elliptic incision from the upper margin of the mens, 
uniting with the inguinal incisions to the posterior commissure. The 
free mobility of the neighboring healthy skin usually permits the 
closure of large wound surfaces by uniting the edges of the skin to the 
mucous membrane of the vagina. In very extensive operations it 
may be necessary to secure sliding skin-fiaps from the corresponding 
thighs (Figs. 122 and 123) to close the defect, and in some cases the 
dissection may be so extensive that a portion of the wound must be 
allowed to heal by granulation. 

Sarcoma of the vulva is extraordinarily rare, surgeons of largo 
experience never having seen a case. Any one of the various forms 
of sarcoma is possible. Melanosarcoma is the most frequent. In 
accordance with the special variety present, the growth may be slow 
or rapid. Usually it is very rapid, and metastatic deposits through 
the venous circulation in distant organs are common, and are the 
ultimate cause of death. Only a few well-authenticated cases of 
permanent recovery after operation have been found in literature. 

Treatment. — ^The treatment is immediate removal. 

SURGERY OF THE VAGINA. 

Vaginitis.* — Inflammation occurs less often in the vagina than 
in other parts of the genital tract. Bacteria play the most important 
role in its causation, and though they are frequently deposited in the 
vagma and infect the uterus, the vagina itself remains particularly 
free from their influence. The resistance of the vagina to infecting 
micro-organisms is accounted for by the stratified squamous epithe- 
lium of its lining, the nature of its secretion, which is acid, and by the 
presence of a normal flora, determined by Dsderlein to be antagonistic 
to morbid bacteria. 

The greater frequency of vaginitis in young girls is attributed to 
the soft, tender, vaginal epithelium, which readily falls a prey to bac- 
terial invasion. The atrophic changes common to the vaginal walls 
after the menopause predispose to senile vaginitis. Coincident with 
the increased alkaline discharge from the uterus and cervix during 
menstruation, pregnancy, and puerperium, the vagina and the 
entiito genital tract are then more liable to infection. Abnormal 
discharges resulting from uterine disease, necrotic tumors of the 
uterus, urinary and fecal fistulas have the same effect. The vaginal 
mucous membrane may be denuded of its epithelium and the character 
of its discharge altered by foreign bodies, the application of chemic 
irritants, by the practice of excessive venery, and the use of vaginsl 
douches. 

Vaginitis may be either primary or secondary. The prim^ 
variety is the less frequent, and usually arises from conditions which 
injure the vaginal epithelium. The secondary variety appears atf 

* I am indebted to Dr. Alfred Heinebeig f<» valuable niggeationa in the prqMn- 
tipn of the text on vulvitis and vaginitis. 
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an extension of disease from the vulva, uterus, or urethra. Either 
may occur in an acute or chronic form. 

The primary variety, because of the nature of its causation, is 
often essentially chronic from the outset. Vaginitis secondary to 
vulvar inflammation is usually acute, especially if of gonorrheal 
origin. When it results from extension of diseases from the uterus 
or cervix, it is commonly of the clinic type. 

Pathology. — ^The changes found in the vagina depend upon the 
cause, the severity of the inflammation, and its duration. In the 
mild, acute form the mucous membrane is reddened, swollen, and 
covered with a seropurulent discharge. The entire mucous surface 
may be involved or the disease may appear in isolated patches, 
separated by areas of healthy tissue. In gonorrheal vaginitis the 
discharge is more purulent and the h 3 rperemia and swelling more 
intense. When the inflammation involves the subepithelial tissues, 
the papillse of the vagina become infiltrated, project through the 
epithelial surface, and the mucous membrane assumes a granular 
appearance, producing what is known as granular vaginitis, which 
may result in erosions and small ulcerations. Ulceration is common 
in vaginitis, appearing after the climacteric, and is due^ to atrophic 
changes. The contact of such ulcerated areas results in adhesions 
and the forihation of cicatrices. The cicatrization may be so extensive 
as to obliterate the vaginal canal. Ulceration of a more penetrating 
nature may result from the pressure of pessaries or the action of 

strong caustics. ^ . .u • 

Symptoms. — In acute vaginitis the patient complams of burning 
p^ and a feeling of fullness in the vagina and perineum, agpavated 
by walking, exertion, and coition. There is a profuse discharge, 
which, in the milder infections, is thin, milky, and seropurulent, and 
in gonococcus infection is yellowish, thick, and may be blood-streaked. 
A complicating urethritis and vulvitis are common in gonorrheal 
vaginitis. (See Vulvitis.) The symptoms are usually more mtense 

m vaginitis occurring in young girls.^ 

The symptoms of chronic vaginitis resemble those of the acut^ 
differing principally in degree. The vulva frequently becomes imtated 
by the constant discharge from the vapna, and annoying i^ritus 
results. The discharge in senile vaginitis is thin, serous, and 
sionally blood-stained, and is frequently the only evidence of the 
disease ■ 

Treatment. — In acute vaginitis rest m bed for several ^ 
essential. Constipation should be met with appropriate remwi^ 
The diet should be bland and non-stimulating, avoiding higmy 
seasoned foods, alcohol, tea, and coffee. Local treatment consists 
in douching the vagina three or four times a day with solutions o 
boric acid, borax, sodium chlorid, or sodium bicarbonate* o®* 
to the gallon. After the subsidence ol the acute symi^ms, e^e^y 
in gonorrheal vaginitis, douches of stronger withwptics, te, biM^ . 
of mercury 1; 6000, or poteMum pwrmaiysanate IrSf^ sre^^ 
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two or three times a day. Every second or third day a cotton-wool 
tampon saturated with an aqueous solution of argyrol, 25 per cent., 
or protargol, 2 per cent., or a glycerin solution of ichthyol, 26 per cent., 
should be introduced into the vagina. 

Glu'onic vaginitis is best treated by daily douches of compound 
solution of cresol (U. S. P.), 1 per cent., or bichlorid of mercury 1: 
2000, and the use of one of the above-mentioned tampons every third 
day. If this is not effective, the vaginal walls should be cleansed 
with warm water, thoroughly dried, and painted with a solution of 
silver nitrate, 30 grains to the ounce, or argyrol, 50 per cent., or com- 
pound solution of iodin or formaldcbyd, 1 to 2 per cent., and a strip 
of sterile or iodoform gauze inserted for twenty-four hours to keep 
the surfaces apart. This treatment should be carried out every four 
or five days. Ckiod results arc sometimes obtained by the use of 
astringent powders composed of combinations of bbmuth subnitrate, 
zinc oxid, tannic acid, and acetanilid. The patient is placed in the 
dorsal posture; a Sims speculum is introduced, and the vagina is douched 
and thoroughly dried. The powder is introduced through the specu- 
lum, and held in the vaginal vault with a strip of gauze. Unless senile 
vaginitis produces no - more than a slight discharge, it may remain 
untreated. 

Tuberculosis of the Vagina. — ^Tuberculosis of the vagina may 
be caused by an extension of the disease from the uterus or vulva 
(see Lupus of the Vulva), or primarily to the deposit of tuberculous 
semen. There is at first nodular infiltration of cells and bacilli, sub- 
sequent serpiginous ulcerative and cheesy necrosis, and a tendency 
to coincident cicatrization of widely separated areas, vrith intervening 
healthy tissue. As ulceration progresses it may open into the rectum 
or bladder. Pain and sensitiveness are smgularly absent. 

Diagnosis. — ^Microscopic and inoculation experiments witli guinea- 
pigs are the only reliable means for arriving at a certain diagnosis. 

Treatment. — This is the same as for lupus of the vulva. In cases 
of hstulous openings into the rectum or bladder, the disease should, 
if possible, first be cured, and the fistulas closed as ordinarily sub- 
sequently. 

Benign New.growths of the Vagina. 

Vaginal Cysts. — Vaginal cysts may properly be considered with 
benign new-growths, because of their importance from a diagnostic 
standpoint. 

Inclusion cysts of the vagina, the result of perineal tears or after 
operations, constitute about one-half of the cases met with. Vaginals ^ 
glands do not exist normally. In rare instances small glandular : 
esmains of Gartner’s duct persist in the anterior or lateral vaginid 
walls, while aberrant cervical glandular formations are occasionally:; 
present in the posterior vaginal wall. Both formations, being' 
epithelial origin, may result in cystic conditions, and very rarely ;^;:, 
adenomatous formations of a benign or malignant type. Vagiiud 
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are usually of relatively small size, but may attain the dimensions of 
a goose's egg. They may be single or multiple. The contents may 
be clear or yellow, viscid or watery, or, as the result of inflammatory 
changes, may be purulent. 

Symptoms. — Vaginal cysts cause no symptoms unless they are 
large enough to give the sensation of a foriiign body or interfere with 
coition. In cases of rupture with a mucoid discharge, the secretion 
usually persists. The prognosis is good. 

Treatment. — A small cyst may be disregarded unless a vaginal 
operation for the relief of some other condition is indicated, when the 
cyst should be removed. The larger cysts should be removed by 
enucleation without rupturing the cyst-wall, if at all possible. The 
wound should then be closed with deep sutures, or the sac may be 
incised and emptied, swabbed with pure carbolic acid, and packed 
with gauze until the wound has healed from the bottom. 

Fibrotnyoma of the vagina is the only true benign new-growth 
of the vagina, and is extremely rare. Like fibromyoma of the uterus, 
thc^se tumors usually develop during the child-bearing period. They 
ai*e usually single, of slow growth, and vary in size from a small nodule 
to the dimensions of an adult head. They may be sessile or peduncu- 
lated, and are exposed to edema, ulceration, and gangrene. 

Symptoms. — The small tumors cause no symptoms. Those of 
larger growth usually give the sensation of a foreign body, interfere 
with coitus, and may cause pain, hemorrhage, leukonrheal discharge, 
dysuria or retention, obstruction of the bowels, and in some cases 
they prove an obstacle to labor. 

Treatment. — If the tumor is small and without symptoms, its 
removal is not demanded unless an opportunity presents itself during 
an operation for some other pelvic condition. Removal of the growth 
is indicated in all cases giving rise to symptoms. If the tumor is 
pedunculated, it should, if possible, be delivered through the vulvar 
orifice, the tissues in the immediate vicinity fixed with tenacula or 
vulsella forceps, the pedicle severed with knife or scissors, and the 
wound closed so as to secure the bleeding vessels with a running suture 
of chromic catgut. 

In the removal of sessile tumors the overlying vaginal structure 
should be incised and the growth enucleated. The size of the tunior 
may necessitate enlargement of the vaginal opening by lateral in- 
cisions before it can be removed. The cavity created by the enuclear 
tion, after ligating all bleeding points, should be closed with inter- 
ruptured sutures. A small drain of iodoform gauze earned to the 
bottom of the wound and removed in forty-eight hours may prove of 
value in preventing the formation of a hematoma. After closing the 
vaginal incisions (if such were necessary) the vagina should be ^npy 
packed with iodoform gauze in order to keep the wound walls in 
position. The end of the drain in the wound should ^ so placed 
that the same can be removed without disturbing the vaginal piwkii^ 
The latter should remain, about five days.^^^^ ■ ^ 
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and serious injury to neighboring organs are the two principal dangers 
of the operation. The average tumor offers no special difficulties, 
but a sessile growth of large size may demand the best judgment and 
skill of a surgeon accustomed to dealing with gynecologic emergencies. 

Pointed condylomata of the vagina are rare. They have the 
same characteristics as those of the vulva, and may be associated 
with them. They are usually multiple and widely distributed, are 
light pink in color, covered with normal epithelium, and have an 
uninfiltratcd healthy base, all of which stand in strong contrast to the 
characteristics of cauliflower or ulcerative forms of carcinoma. A 
solitary papillary outgrowth, however, whatever its appearance may 
indicate, should always be looked upon with suspicion, and its prompt 
removal for microscopic examination should be insisted on. 

Treatment.— This is the same as for condylomata of the vulva. 

Malignant New-growths of the Vagina. 

Carcinoma of the Vagina. — Primaiy carcinoma of the vagina is 
very rare. Of all deaths from cancer in a total of 8287, Bcrgel found 
14, or 0.16 per cent., to be primarUy located in the vagina. Many 
American gynecologists of large experience have never met with a 
single instance. 

Child-bearing bears no relation to its development. I saw a case 
in which a pessary worn for more than twenty years had become 
embedded in a cancerous mass that involved both the vagina and 
rectum. In 73 per cent, of cases the new-growth is located on the 
posterior vaginal wall. Like carcinoma of the uterus, it is generally 
a disease of advanced life, but has been foimd in children. 

Carcinoma of the vagina presents the same variability in its clini- 
cal manifestations as squamous-cell carcinoma in other portions of 
the body. It may appear in the form of an infiltrated nodule, and 
later as a granular, ulcerated surface, with foul detritus and infil- 
trated edges, or, as is usual, as a fungating, friable outgrowth. It 
is usually rapid in its progress, and through the perivaginal tissues, 
soon involves the neighboring organs. If located in the lower fourth 
of the vagina, the inguinal glands become involved, while extension 
to the deeper glandular structures usually follows when the primary 
focus is at a higher plane. 

Owing to the extraordinary rarity of adenocarcinoma of the vagina, 
the following case may be of interest: Mrs. H., aged fifty-four, III- 
para; last child twenty-one years old; menopause eight years ago; 
had always enjoyed good health until three years ago, when she 
first noticed a ^ght hemorrhagic discharge from the vagina. On 
August 22, 1008, Dr. Catharine Macfarlane, of the Woman’s Hos- 
pital of Philadelphia, removed a suburetlu^ growth through an , 
iAcision of the anterior vaginal wall. Althou^ a clinical diagnoos- 
of malignant disease was made, the microscopic examination proved; 
uncertain. At the time I was consulted, March 26, 1009, she cqeo^^ 
plamed of a constant bloody discharge and painful micturition, ilff 
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examination disclosed a soft, friable mass the size of a walnut, occu- 
pying the lower third of the anterior vaginal wall below the urethra 
(Fig. 124), with an indurated ridge passing toward the left vaginal 
fornix. The urethral mucous membrane was not involved in the 
growth, and the uterus was freely movable and perfectly normal. 
The glands of both inguinal regions were found to be markedly en- 
larged and painful. Dr. John Funke reported H to be an adenocar- 
cinoma. In view of the absence of glandular structure in the vagina 
normally, and considering the position of the mass and the di- 
rection taken by the indura- 
tion, the growth in all prob- 
ability had its origin in the 
remains of one of G&rtncr’s 
ducts. 

Symptoms and Diagnosis. — 

Irregular bleeding after coitus 
usually is the first symptom; 
later, pruritis, mucopurulent 
discharge, gradually becoming 
offensive. With involvement 
of the deeper tissues the pa- 
tient suffers from dull aching 
pain in the pelvis and in the 
lower extremities, and from 
dysuria and painful defacation. 

Finally, the formation of urin- 
ary or fecal fistula, the de- 
velopment of septicemia and 
uremic conditions, with con- 
sequent anorexia and loss of 
rest and sleep, lead to exhaus- 
tion and death. 

The presence of a nodular, 
granular, papillaiy growth or 
ulcerative excrescences of the 

vagina, especiaUy in a woman ‘“-ZSSiSli ™" 

after the age of forty, in the 

absence even of any other sign or symptom, demands immediate 
excision of a portion of the growth and microscopic examination by 
a reliable pathologist to determine the diagnosis and indications for 
further operative interference. 

Prognosis and Treatment. — No well-authenticated case of cure has 
been reported, even after the most radical treatment, pus in a 
measure may be accounted for by the thinness of tiie vaginal walls, 
the lai^ perivaginal lymphatics, and by the latency of the symptoms 
as compared with the progress of the .disease. Krfinig, Pi^or, and 
Montgomery advocate extremdy radical procedures, but ncme has 
reported any cures. J^nig’s operation indudes the mmovd jqi ^ 


414 8UBGERY OF THE FEMALE OENITO-UBINABY ORGANS. 


entire vagina, uterus and appendages, adjacent rectum, and bladder. 
Montgomery, in a case of cancer of the rectovaginal septum, removed 
the coccyx, resected the sacrum, excised six inches of the rectum, 
removed the ovaries and tubes, and the entire posterior wall of the 
vagina. The rectum was stitched to the sacrum posteriorly, and td 
the anterior wall of the vagina anteriorly, the perineum having been 
previously closed. There was a recun'ence of the disease within 
tliirteen months. Pryor, in two cases, by a combined external and 
intra-abdominal pressiue, began his operation by ligating all the main 
arteries to the genital organs in order to secure a dry held. He then 
removed the lower lialf of the labia, the greater portion of the vagina, 
the entire rectum with the sigmoid, together with the uterus and 
appendages, and in both death followed local recurrence in less than 
a year. As a palliative measure the growth, if localized, may be 
excised, and the base cauterized with the thermocautery or with chlorid 
of zinc. 

Primaiy Chorio-epithelioma of the Vagina.— The occurrence 
of primary chorio-epithelioma of the vagina and in other more remote 
structures of the body, while the uterus itself escapes infection, has 
been observed in a nuipber of cases. Busse and Marchand have each 
recorded a case of cerebral and pulmonary involvement several 
months after the removal of a hydatid mole in the one, and following 
an abortion in the other, the autopsy in each showing t^t both uterus 
and vagina were free from the disease. While the possibility of con- 
tact infection of the vagina must be admitted, the forogoing tends 
to establish the truth of the theory that the disease as it occurs in the 
vagina and other more remote structures from the uterus originates 
in the deposit of migratory chorionic villi from the uterus through 
the blood-channels, the epithelium of the villi subsequently undergoing 
malignant proliferation. H. T. Hicks, accepting this theory, in an 
excellent paper on "Primary Embolic Chorio-epithelioma of the 
Vagina,” reports a case of his own and refers to fourteen others. In 
all these fifteen cases the vaginal tumors were simply excised. The 
diagnosis in each ease was confirmed by reliable pathologists. Three 
of the patients died with secondary growths in the lungs, liver, and 
kidneys, but the uterus escaped. The other twelve made complete 
recoveries. He likewise calls attention to the extraordinary malig- 
nancy of these growths in the uterus in some cases, and their innocent 
behavior in exceptional instances in others, and refers to the dis- 
appearance of secondary vaginal deposits in certain cases after hys- 
terectomy for the removal of a primary uterine involvement. 

The question of the malignancy of these grov^ in the vagina, there- 
fore, is a matter of great clinical importance, both as to prognosis and 
to treatment. Microscopic appearances as at present understood 
appear to be of no assistance to the clinician in deciding this question. 
Mr. Hicks very properly says: "One wonders whether these primaiy 
vaginal growths are not, as a rule, almost benign,” although the cam 
reported by him proved violently mMignant. 
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Diagnosis. — ^The history of a molar pregnancy especially, but the 
appearance of a growth in the vagina of almost any description, cither 
during pregnancy or subsequent to the discharge of the product of 
conception at any time, should at once arouse the suspicion of such a 
growth. The vaginal nodules usually appear two or three months 
after the uterus has been emptied, although Hicks refers to two cases 
in which vaginal growths appeanxi three and a half and four years 
respectively after the pass^e of the mole. This is explained on the 
theory that migrated chorionic villi may lie dormant iii the tissues 
for long periods before undergoing a malignant change. 

Treatment. — If the vaginal growth is primaiy, the prognosis is 
probably good, and its excision, together with a wide area of healthy 
vaginal tissue, alone may bo indicated; but if it is secondaiy to a uterine 
involvement, the prognosis is bad and demands removal of both the 
uterus and vagina. 

Sarcoma of the Vagina. — Sarcoma of the vagina is more rare 
than primary carcinoma. It has been found congenitally and as late 
in life as the eighty-second year. Of cases reported, more than 76 per 
cent, have appeared in children less than fifteen years of age. In 
children, the growth is of a dull red or chocolate color, is usually situ- 
ated in the anterior wall, is circumscribed and polypoid in form, while 
in adults it presents itself in the form of a diffuse sarcomatous in- 
filtration closely resembling carcinoma, or as a rounded, sessile growth 
that sooner or later ulcerates. The tissues in the immediate viemity 
of the growth are invaded early, and recurrence after operation is 
the rule. 

Symptoms. — ^The symptoms vary with the size and location of the 
growth. Frequent and painful micturition and constipation may be 
present. Necrosis or ulceration of the growth gives rise to foul dis- 
charges and opens up avenues for the entrance of pathogenic organisms 
and systemic infection. The destructive processes coincident with 
the extension of the disease may lead to the formation of fistulous 
openings with the rectum and bladder. The loss of rest and sleep 
from pain, the general toxemia and anorexia, sooner or later cause 
extreme emaciation, exhaustion, and death. 

Treatment.— Early eradication of the disease by one of the various 
surgical procedures for the removal of caremoma of the vagina is 
indicated. 

Foreign Bodies in the Vagina. 

The variety of objects that have been found in the vagina would 
form a long list, including widely dissimilar articles, both in size and 
substance, of which needles, grasshoppers, pine-cones, pessaries, 
drinking-glasses, pocket-books, bacon rind, cockchafers, and insects 
are a few examples. Masturbators make use of all so^ of iutides 
to satisfy their morbid desires. They are usually only partly intro- 
duced into the vagina, but by exciting contraction of the levator 
muscles, they suddenly dip from the lumd, are carried beyond the 
introitus, and thus beconie imprisoned in the.yagina. 
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To prevent conception, women resort to the use of sponges, tam- 
pons, ^rd- and soft-rubter diaphragms and plugs, the removal of 
which may be neglected or forgotten. For the induction of abortion, 
catheters and pointed and sharp instruments of various kinds are 
resorted to, and,' becoming broken in the attempt, portions remain 
in the vagina. Thieves and pickpockets have been known to use the 
vagina for concealing their plunder. The undue retention of articles 
introduced for therapeutic purposes, such as tents, tampons, and 
pessaries, is very common. Intestinal worms, and by ulcerative 
perforations hair and teeth of a dermoid cyst, the bones of an ectopic 
fetus, and foreign bodies in the bladder and rectum may And their 
way into the vagina. 

Symptoms. — In accordance with the substance, size, foim, and 
length of time they have been within the vagina, foreign bodies may 
give rise to a great variety of symptoms. Retained sponges and 
tampons cause hypersecretion and putrid decomposition that may 
arouse a suspicion of incomplete abortion, sloughing polyps, or the 
presence of malignant disease. If the object is hard, rounded, and 
smooth, and remains unchanged by contact with the vaginal 
secretions, like ivory, and docs not exert much pressure, it may be 
retained for years without causing any annoyance. Haid-rubbcr 
pessaries and other corrodible objects sooner or later become eioded 
and irritating from the deposit of lime salts. Such incrusted articles, 
or the continuous pressure at one point of a smooth body even, is sure 
to cause ulcerations, with consequent purulent and offensive dis- 
charge. If the offending body is not removed, perforations into neigh- 
boring organs may occur, and the patient’s life may be jeopardized 
from peritonitis and suppurative, processes, or the ulcerations may 
cause exuberant granulations, adhesions, and contractions of the vaginal 
walls, with encapsulation of the foreign body. 

Diagnosis.— The diagnosis is made by sight and touch. In ad- 
dition to a vaginal examination with finger and speculum, it may be 
necessary to examine the vagina indirectly through the rectum or 
bladder or by combined manipulations, especially in cases where foreign 
bodies have become hidden by mcrustations, granulation tissue, or 
vaginal contractures. 

Treatment. — ^This consists in removing the foreign body and in 
correcting the lesions it has caused. While the first indication in 
most cases may be met by very simple means, in others it may tax 
the ingenuity and skill of surgeons of large experience. Small and 
moderately sized free objects are usually extracted without difficulty 
with fingers or forceps. Pressure through the rectum often proves 
of value in dislodging and expelling objects held back by contractions 
of the vagina. Firm bands of adhesions may be divided. I^arge 
objects should be reduced in size by crushing or cutting. In a patient 
at the Jefferson Hospital who had worn a large btdl pessary for a 
number of years a miniature obstetric forceps was used for its removal.. 
In another case with a foul-smelling discharge that aroused a iius- - 
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picion of carcinoma a Smith-Hodge pessary was found dcH?ply buried 
in a mass of exuberant granulations and tough cicatricial bands, 
only a small segment of the instrument I'emaining exposed. The 
visible portion of the pessary was cut with bone pliers; it was then 
rotated so as to bring its opposite extremity into view, when this 
was likewise severed. Both halves were now very easily removed 
without lacerating the tissues. Pieces of broken glass in the vagina, 
if they cannot be picked out with the forceps, should be removed by 
first lubricating the vagina with liquid albolene and then filling it 
with plaster-of-Paris. This embeds the glass fragments, after which 
both may be removed with comparative little injury to the vagina. 
Hair-pins usually have their points dhected forward; these must be 
disengaged before they can be removed. In cases of cicatricial con- 
tractions of the lower segment of the vaginal tube, the foreign body 
may be pushed to a higher level, burrowing between tin; tissues, so that 
its removal through the bladder or rectum or by abdominal section 
may become necessary. 

After the removal of the foreign body, in the simpler cases, the 
existing vaginitis soon disappears, but its cure may be hastened by 
the use of antiseptic douches, preferably saturated solutions of boric 
acid. In the complicated cases, ulcerations, fistulas, metritis, perito- 
nitis, and sepsis may demand subsequent attention. 

Traumatisms of the Vulva and Vagina, 

Owing to the protected situation of the parts, injuries of the vulva 
and vagina, independent of those occurring in childbirth and from 
violent coitus, are comparatively infrequent.. 

The vulva is subject to all the varieties of wounds met wdth in 
other exposed portions of the body as the result of falls, blows, kicks, 
and other forms of external violence. In children sliding down the 
handrail of a staircase, the vulva striking the projecting knob of a 
newel-post, or falling astride some other hard object, usually results 
in contused wounds, while the penetration of some sharp instrument 
may cause an incised, punctured, or lacerated wound. The former 
variety of injury may be complicated by a subcutaneous hemorrhage, 
which, on becoming clotted, forms a pudendal hematoma. The latter, 
being an open wound, may be followed by alarming and even fatal 
hemorrhage. 

Prognosis and Treatment. — A pudendal hematoma, if small, may 
disappear by absorption. In pregnant or puerperal women the en- 
largement may attain the size of an ordinary orange, and the larger 
the tumor, the less its likelihood of spontaneous cure. Rest in bed in 
these cases is the first indication. An ice-bag applied immediately 
or shortly after the accident limits the extravasation of blood and 
promotes its absorption by the continuous pressure, and prevents 
suppuration in many cases. If absorption does not take place within 
seven or eight days, a free incision should be made, the dot turned 
out, and the cavity irrigated and packed vrith= s^ gauze. The 
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packing should be renewed daily until the wound has healed. If 
suppuration supervenes, the part should be freely opened and drained. 

The hemorrhage from an incised wound of the vulva is best con- 
trolled by pressure until the spurting vessels can be tied and the wound 
closed by a running suture of catgut. Punctured and lacerated wounds 
must be considered individually, and should be closed or treated 
openly in accordance with the principles governing the care of such 
wounds in other exposed portions of the body. 

Traumatisms of the vagina of non-puerperal origin are rare. 
They are generally inflicted during coitus, involving the hymen and 
tissues in the immediate vicinity, but may result from the application 
of any form of external violence and involve any portion of the vaginal 
tube. In some cases vaginismus predisposes to the injury during 
coitus. The consequent hemorrhage may be temporarily, and in 
some eases permanently, arrested by the pressure of a tampon, but 
usually ligation of the bleeding vessels or closure of the wound with 
stitches becomes necessary. 

Accidental comjdete laceration of the perineum, independent of 
parturition, is very rare. It usually results from violent impacts 
against hard, sharp, or penetrating objects. One of the most frequent 
causes in children is striking a sharp-edged newel-post while sliding 
down a banister. It has resulted from a fall on the leg of a stool 
or on the back of a chair, by the penetration of the handle or prong 
of a pitchfork, or of a knife concealed in a hay-mow. Broken cham- 
bers or waste-jars, kicks, falls, and impalement by horned cattle, 
have been among the inflicting agents. Bov^, in an excellent review 
of the subject, reports a case of a child, eight years old, whose feet 
slipped while standing on the coasters of a bicycle. She lodged on the 
lamp bracket, which caught in the rectum and vagina and severed 
the rectovaginal septum for more than an inch. Royster reports 
a case in which the obstetrician mistook a breech for a face presenta- 
tion, and introduced his finger into the supposed mouth (vagina) for 
traction, and thus ruptured the rectovaginal septum, including the 
perineum. Cases have been reported in which the injury not only 
involved the rectovaginal septum, but the peritoneal cavity, with 
severe traumatisms to the contained viscera, and yet recovery fol- 
lowed. 

Treatment. — In the vast majority of these cases immediate closure 
of the wound is inadvisable. The wound-edges may be ragged and 
the tissues in the immediate vicinity bruised, and in some cases 
devitalized. Under such circumstances the indications are to arrest 
the hemorrhage and to treat the parts with antiseptic evaporating 
lotions until the tissues have regiuned their vitality. If sloughing 
supervenes, nothing can be done until the parts have cicatrized. In 
elhan-cut wounds an immediate repair may be done with a reasonable ’ 
hope of securing good results. Correct coaptation of the rectal weO . 
and union of the sphincter ends are the most important indicationSti/l^ 
(See Operations for Complete Lacerations of the Perineum.) 
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It is well to bear in mind that serious infections may result from 
these injuries of the vulvovaginal structures. Neugebauer has 
collected 157 cases, 22 of which resulted fatally from septic processes 
or hemorrhage. 

PUERPERAL INIURIES OF THE PELVIC OUTLET. 

In order to comprehend the clinical significance of puerperal 
injuries of the pelvic outlet, as well as the principles underlying the 
various operative procedures for their repair, it is of first importance 
to have a clear conception of the gross anatomy of the pelvic struc- 
tures, especially with reference to the tissues that invest and deter- 
mine the position of the genito-urinary organa, and by which their 
normal anatomic relations are maintained. For present purposes 
and as a working formula clinically a general description of the parts 
is essential. 

Anatomy. — ^Upon removing the superimposed tissues, e. g., the 
bladder, uterus, and its appendages, the upper three-fourths of the 
vagina, together with the peritoneum and pelvic connective tissue, 
and looking into the pelvic cavity from above, the pelvic diaphragm 
(floor of the pelvis) closing the pelvic outlet presents itself in the form 
of a shallow muscular basin with three eccentric outlets— the rectum 
behind, and the urethra and vagina in front. The pelvic fascia upon 
either side, after becoming more or less firmly fixed to the pelvic brim, 
passes into the pelvic cavity and secures bony attachments on the 
posterior surface of the pubes and at the spine of the ischium. Between 
these two points the fascia becomes thickened, forming the white 
line of the pelvis. Here, approximately, the fascia splits into three 
layers. The outer leaflet, continuing downward, covers the obturator 
muscle and finds attachment to the pubic rami, ischial tuberosity, 
and sacrosciatic ligament, and forms the outer boundary of the 
ischiorectal fossa. The other two leaflets cover the upper and under 
surfaces of the musculature of the pelvic diaphragm, that dn its lower 
aspect constituting the inner boundary and completing the ischio- 
rectal fossa. The muscular portion of the diaphragm comprises three 
paim of flat muscles, the edges of which are practically in contact 
and may have grown together, forming one continuous layer. The 
arrangement of the muscular fibers is of special importance, because 
it indicates the direction of their vital energy and mechanic influence, 
and constitutes the key to a proper understanding of pelvic support. 
The anterior segment of the pelvic floor, better known as the levator 
ani muscle (puborectalis or pubococcygeus), is attached to the pos- 
terior surface of the body of the pubes. It is directed, downward and 
backward along the sides of the vagina and rectum, a few of its fibers 
going between these two structures to enter into the formation of the 
perineum, but by far the greater mass of this muscle passing posterior 
to the rectum to coalesce with its fdlow of the opposite side, the 
musculature of the reefium, and with the anal sphincter. The ‘^puU" 
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of this muscle gives the rectum at its lower end its characteristic 
sigmoid forward curve. 

The second part of the muscle (obturator coccygeus) arises from 
the tendinous white line in the interval formed by the separation of 
the two layers of fascia covering its surfaces. Its direction is likewise 
downward, backward, and inward, some of the fibers uniting pos- 
teriorly to the rectum without ah intervening tendon, thus aiding the 
anterior portion of the muscle in the formation of the rectal forward 
curve, while the remaining fibers are attached to the median tendinous 
raph4 posterior to the rectum and to the sides of the coccyx. 

The third portion of the muscle (ischiococcygeus) is of secondary 
importance surgically. It arises from the spine of the ischium and 
spreads out fan-shaped, to be attached to the sides of the coccyx and 
the lower portion of the sacrum. The remaining portion of the pelvic 
basin posteriorly is completed by the pyriformis muscle. 

While the pelvic diaphragm constitutes the true muscular floor 
of the pelvis, with its anterior segment as the main object of attack 
in restoring lost pelvic support, it is but one of a system of structures 
that are concerned in maintaining the normal anatomic relations of 
the pelvic viscera. A practical knowledge of the anatomy and func- 
tions of the investing structures above and below the diaphragm, 
therefore, is likewise necessary. Beginning above, we find that the 
uterus with its appendages, not unlike all other specialized structures 
of the peritoneal cavity, is suspended and directly supported by 
mesenteric folds and attachments (so-called ligaments) that, in their 
vitalized state, other anatomic conditions being equal, give these 
organs certain limitations of mobility and prevailing tendencies of 
position which are regarded as normal. 

Below the peritoneal covering, and between it and the pelvic floor, 
is a variable amount of loose connective tissue that fills up otherwise 
free spaces. A comparatively thin layer unites the anterior vaginal 
wall and the base of the bladder. Considerable masses are found on 
both sides of the uterus and corresponding bases of the broad liga- 
ments. The greater portions of the vagina and rectum are embedded 
in large accumulations of connective tissue, which is here loaded with 
a variable amount of fat. Generally considered, and in. its practical 
application' to the study of injuries of the pelvic floor, it may be said 
that the connective tissue, although appearing in broken planes, 
increases in bulk from above downward, forming a funnel-shaped :; 
mass from the pelvic brim to the insertion of the miiscles forming the-, 
pelvic diaphragm. 

Second in importance to the pelvic diaphragm in the study a- 
pelvic support is the vaginal roof. The attachment of the vaj^n^t^l^ 
to the pubes anteriorly, its continuity with the musculature of 
nterus, and the ligamentous and sacral fastenings of the latter 
teriorly, form an irregular though continuous muscular layer, 
ing from the pubic bone to the sacro-iliac synchondroses^;; 
vaginal roof thus formed is reinforced by a fibrous prolongatio^^jG^^ 
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the fascia covering the pelvic diaphragm, by its close association with 
the base of the bladder, and indirectly by the ligamentous processes 
of the pelvic viscera above it, the urachus, and the attachment of the 
anterior face of the bladder to the posterior surface of the symphysis. 

The parts below the pelvic diaphragm comprise the anal and 
urogenital regions. The line of division corresponds to a transverse 
fibrous band (ischioperineal ligament) attached to the ischial rami 
just in front of the tuberosities. The posterior space is occupied by 
the anus, the terminal portion of the rectum, the anal sphincters, 
and the ischiorectal fossse. Anteriorly, this btod is the line of origin 
for three layers of fascise, all of which are inserted into the ischiopubic 
rami, The two deeper layers (deep pelvic fascia, tr iang ular ligament) 
fasten the vagina externally, and with the muscular slips between 
them form the vaginal septum, while the superficial layer serves as 
a base of attachment for the loose drapery surrounding and forming 
the vulvar orifice. Between these fascial layers are muscular bundles 
of no special importance for the present study, excepting the superfi- 
cial transversus perinei muscles, which arise from the ischial tuberosi- 
ties and are inserted into the outer edges of the bulbocavemosus 
muscles and the anterior perineal structures, of which they form a part. 
The anterior portion of the deepest of these fascial leaflets coalesces 
with the fascia on the under surface of the diaphragm, thus limiting 
the extension forward of the ischiorectal fossa;. 

The name perineum has been given to that portion of the ensemble 
of structures just described, lying between the vulvovaginal orifice 
and the terminal portion of the rectum and anus. It presents marked 
variations in all its dimensions in different individuals. 

Functions of the Pelvic Connective Tissue and the Pelvic 
Diaphragm. — ^The pelvic connective tissue forms a soft padding 
between organs that, to a degree, supports them and permits of their 
free mobility and physiologic repletion and depletion, without undue 
encroachment upon associated structures. Its relation to the venous 
system of the pelvis in determining a properly balanced circulation 
is of special importance. Its open-mesh and fascial planes, aided by 
the rise and fall of the diap^agm, give these valveless plexuses 
elastic support, supplement the visatergo, and, by preserving the 
tortuosity of the venous trunks, counteract the force of gravity and 
thus prevent undue vascular dilatation and passive pelvic engorge- 
ment. 

The pelvic diaphragm, in addition to its influence on the pelvio 
circulation, protects the internal pelvic organs. It is the antagonist 
of the thoracic diaphragm, contracting under expiration and nlaacing 
during inspiration. It counteracts intra-abdominal pressiire; the 
greater this pressure within certain limits, the more vigorously the 
muscle contracts, and , the more firmly its anh^or segnairat (the 
levator ani) closes the vaj^al outlet,: In doii^i aio.it Ul^ 
the functions of a buffer, by preyenthaf endue dU^yerdredHmrn^^ 
of the organs above it. ' iHiring defecaitioi^ ei^i^idlr^^^ 
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of large fecal masses, the rectal contents are evacuated by the com- 
bined forces of intra-abdominal pressure and counterpressure on the 
part of the levator ani muscle, by which the rectum and anus are 
temporarily elevated and fixed for the purpose. 

It is well to bear in mind that the so-called perineal body as a 
distinct anatomic formation does not exist. As already indicated, 
it is merely the meeting-place of muscles and fascia common to the 
parts below the pdvic diaphragm, covered by more or less skin and a 
variable amount of connective tissue and fat. In itself it has nothing 
whatever to do with the support of the internal pelvic organs, and its 
efficiency in maintaining the normal relations of the external struc- 
tures depends upon the anatomic and physiologic integrity of the 
levator ani musde. As pointed out by Skene, the mechanism of this 
anatomic association of pelvic fioor and perineum conforms with the 
principles that govern the supporting property of the suspension 
bridge, the anchorage being represented by the pelvic bones, the 
perineum representing the bridge and the levator ani muscles cor- 
responding to the sustaining cables which hold the bridge at aslightly 
variable, though generally fixed, level. The anterior segment of the 
pelvic diaphragm, therefore, is not alone concerned in supporting the 
pelvic structures above it, h\it likewise m holding and sustaining the 
perineum and other parts below it. 

Practical Study of Pelvic Support. — Upon making an inspec- 
tion of the parts under normal conditions, the labia may or may 
not lie in contact, but the vaginal entrace itself will be closed. The 
perineal measurement between the vulvar orifice and anus may be 
comparatively long or very short, in accordance with the accidental 
presence of more or less integument, connective tissue, and fat, and 
the anus will be found tucked up in a deeply angled cleft between the 
buttocks. 

Introducing a finger into the vagina, a firm muscular transverse 
elevation, apparently beneath the mucous membrane, about three- 
(luarters of an inch in width, is felt crossing its posterior wail, just 
behind the hymen or its remains, but which, in reality, is the levator 
loop hugging the rectum posteriorly, and through it forming the 
vaginal promontory closing the vaginal outlet. By directing the 
woman to “draw up,” it at once becomes evident that this muscular 
loop fulfils the function of a sphincter to the vagina, not done by its 
own inherent tonicity, but that it is to a greater or less extent under 
voluntary control. Digital examination per rectum confirms the 
foregoing observations, while rectoperineal palpation with the index- 
finger in the rectum and the thumb over the parts discloses the pro^ 
portionate amount of loose tissue entering into the formation of the 
perineum, as well as the shallowness of its muscular development, ^ 
and at once dispels any previously held idea of a well-defined perineal . 
body. 

Upon' letmeting the posterior va^nal wall, ^ich necessarily^'^ 
includes the perineum, the rectum, and the levator ani mUsde, it 
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be noticed that the muscular formation just mentioned is not abso- 
lutely essential, under strictly normal conditions, to the support of 
the anterior vaginal wall or the viscera above it. The muscular and 
fascial attachments of this portion of the vagina, together with its 
indirect supports, especially in nulliparous women, are usually 
sufficient to hold these structures at a proper devation. In fact, 
exceptionally, women with lacerated or relaxed diaphragms even are 
met with yet in whom there is no evidence of descent of either the 
uterus or the vaginal roof. In cases, however, of rupture or other 
changes that bring about a weakened state of the musculature of the 
vaginal roof, or even under the stress of extraordinary muscular 
efforts, the pelvic diaphragm, especially its anterior segment, resists 
the tendency to excessive downward movements, and thus becomes 
the sole mainstay of the pelvic contents, including the vaginal roof 
itself. 

Pathology and Symptoms of Injuries of the Perineum and 
Pelvic Floor. — Considering the foregoing, it becomes evident that 
injuries of the perineum, as compared with those of the pelvic 
floor (levator ani), necessarily cause totally different symptoms. 
Tears of the perineum may be superficial, deep, or complete. 

A superficial tear involves little more than the fourchet or introitus 
vaguuB, and causes no symptoms. A more pronounced or deep tear 
usually involves the bulbocavemosus and transversus perinei muscles, 
where they coalesce in the perineal structures. These muscles, now 
acting mdependently of each other, pull the vulvar lips apart, exposing 
the' vaginal entrance, the same as a doorway may be exposed by 
separating at the bottom the pair of portieres that conceal it. The 
deep perineal tear may extend down to the anal margin, exposing in 
some cases the sphincter ani muscle, but with the exception of the 
gaping vulvar orifice, this variety of laceration even rarely gives rise 
to more than a temporary inconvenience. 

A complete tear of the perineum is a “deep tear” plus a rupture 
of the sphincter ani muscle. Very rarely the sphincter- ani is tom 
without any involvement of the cutaneous perineum. The one 
distressing and overshadowing symptom of a complete tear is loss of 
control of the rectal contents, b the subsequent cicatrisation of the 
parts the sphincter ends may become so fixed in scar tissue as to 
afford partial and in some instances very satisfactory control. A 
constipated habit frequently gives rdief from involuntary fecal 
evacuations, but usually fails in preventing the escape of flatus. In 
some cases an uncontrollable diarrhea is the rule, causii^ constant 
fecal discharges, with resulting irritation of the external parts. Lac- 
erations of the perineum, even though complete and involving more 
or lees of the rectovaginal septum, interfere but littlq with pelym 
support. The levator ani musdes, excepting the few that intw 
the perineal structure, remain m^hamied. 
their property of maintaining a dosed edD4itim .<d.tlto;{^ 
almost as perfectly as.though no injury to the, 
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Injuiy of the Pelvic Floor. — Gonsidering the relations of the 
levator muscles, their injury during childbirth necessarily involves 
the lateral fomices of the vagina, and may be unilateral or bilateral, 
visible or submucous, superficial or deep. The submucous variety 
consists of an injury of one or both musdes without a visible tear of 
the overlying vaginal wall. A laceration of the pelvic floor may and 
usually does involve more or less of the structures forming the peri- 
neum, but unless the perineal tear in a given case is of the complete 
variety, its association with a laceration of the pdvic floor is of minor 
importance and will not be referred to again in considering the pathol- 
ogy and symptoms of the latter condition. 

During the final stage in the ddivery of the fetal head the uterine 
and abdominal forces push the presenting part downward, while 
the pdvic diaphragm, aided by the pelvic curve of the sacrum, deflects 
it forward to engage the levator loop. As labor progresses the latter 
is dilated, while the retractile property of its musdes is exercised in 
pulling the rectum and perineum first backward, then upward and 
forwwd over the escaping head. If, at this critical moment, the 
elasticity of the levator loop fails to accommodate itself to the size 
of the advancing head, rupture of its structure results, and if it escapes 
this accident, but becomes overstretched and fails in its tonicity or 
retractile power, a condition of permanent relaxation or paralysis 
supervenes. In either case the working efliciency of this portion of 
the pdvic diaphragm is destroyed, and certain abnormal changes of 
a more^ or less grave character are sure to follow. 

Owing to the failure of the levators to respond to the movements 
of the respiratory act, the primary effect of such an injury is venous 
stasis, followed in some cases by an arrest of involution and a lowered 
resistance to the inroads of pathogenic germs. The most pronounced 
changes, however, directly referable to the accident, usually occur 
after the lying-in period. The ruptured or overstretched muscles, 
.in accordance with the extent of their involvement, permit the 
perineal bridge to drop to a lower levd; the anus is drawn toward 
the coccyx, the anal cleft becomes more or less obliterated, and the 
cutaneous perineum, if uninvolved in the laceration, usually becomes 
deeper; in other words, more or less pronounced sagging of the struc- 
tures of the entire perineal region takes place. As a consequence, the 
venous trunks within the pelvis are drawn out and lose their tortuous 
course, while failure of the "rise and fall" of the pelvic diaphragm 
deprives them of their elastic support, so that they become dilated, 
varicose, and a source of passive engorgement. The resistance of the 
pelvic floor to intra-abdominal pressure is no longer present, and its 
functions of making counterpressure during defecation and of acting 
as a sphincter to the vagina are likewise absent. It fails to respond to 
stimuli, and is no longer under voluntary control. The vaginal 
entrance either is a gaping orifice or 'markedly relaxed, and the 
vaginal promontory is effaced. 

Depending upon the extent of the injury and the length of time 
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it has existed, a hernial protrusion through the dilated vaginal orifice 
of one or more of the pelvic organs takes place. At first the posterior 
vaginal wall prolapses (posterior colpocele), and this may be followed 
by the associated rectal wall, when it is termed a rectocele. But in 
the vast majority of cases the so-called rectocele is not a rectocele at 
all, but a prolapsus of the vaginal wall and an overdistended varicose 
condition of the veins between the vagina and rectum. In the 
presence of a fecal accumulation the rectum, unopposed anteriorly, 
may cause a forward protrusion, especially during defecation, but 
upon making an examination after the rectum has been emptied no 
diverticulum of this structure can be detected, and the apparent 
rectocele disappears as the blood is pressed out of the veins, and as 
promptly reappears upon relieving the pressure. This condition of 
the veins, as already indicated, obtains throughout the lower pelvic 
segment and accounts for the feeling of weight and fullness so fre- 
quently complained of. 

Owing to arrested involution or failing tonicity of the musculature 
forming the vaginal roof consequent upon the loss of its supplementary 
support from below, or to coincident detachment or relaxation of 
some of its direct supports, prolapse of this structure usually follows; 
but, as previously stated, its integrity and supporting property may be 
preserved in the presence even of an extensive injury to the pelvic floor. 

The unrestrained latitude for downward excursions of the uterus, 
in addition to traction upon the organ by the constantly prolapsing 
posterior vaginal wall, generally imposes impossible demands upon 
the retractile property of otherwise efiScient ligaments, resulting in 
overstretching and finally in atrophy of their muscular structure and 
consequent ptosis or prolapsus of the organ, that in some cases amounts 
to an extrusion of the entire organ through the vulvar orifice (proci- 
dentia), dragging the vaginal walls with it. In other cases the vaginal 
walls prolapse, first dragging down the uterus (vagino-uterine pro- 
lapse). The importance of these distinctions in the forms of prolapse 
will be more fully appreciated in discussing the treatment. 

As a matter of course, the local changes vary with the extent of 
the Iterations, and whether they are unilateral or bilateral, while the 
Severity of the symptoms usually corresponds with the organs involved 
and the degree of prolapsus, as well as with the nature of existing 
complications. Or^ary backache, a feeling of weight and fullness 
in the pelvis, and bearing-down sensations are frequently complained 
of. Reflex headaches and gastric disturbances are common, and 
constipation is the rule. Vesical irritation and difficulty in thoroughly 
emptying the rectum without manual support from the vaginal side 
are likewise frequent symptoms. Disturbances of the functions irf 
the uterus, when present, are accounted for by the pasSivepcmigieBtibn 
and changes of structure incident to tlw prolapsus. In some Cases 
there are no symptoms, although in injuries of .^bhe pr buj^ levators' 
of minor degree the ov^actibn of the intact . 

annoying reflex irritotio^ . ' v 
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Treatment of Injuries of the Perineum and Pelvic Floor.:— 
Operations for the repair of injuries of the vaginal outlet are usu> 
ally classified as primary, intermediate, and secondary. 

The primary operation should be performed in all eases if the 
condition of the patient at the conclusion of labor permits it. It is 
done immediately, or not later than twenty-four hours, after the 
delivery. Among the advantages of the primary operation are the 
closure of possible avenues for infection, the avoidance of subinvolution 
and venous stasis, with their retinue of deleterious sequelffi, and, if 
done immediately, the parts are usually so benumbed from the 
pressure incident to labor that an anesthetic may be dispensed with. 
The operation .is contraindicated in eases of eclampsia, postpartum 
hemorrhage, great prostration, virulent infection, and when the 
lacerated tissues have become devitalized from pressure. Postpone- 
ment of the operation for a few hours is frequently indicated for want 
of proper assistants, instruments, dressings, etc. In all cases of 
lacerations involving the sphincter ani and rectum, however, repair 
of these structures should be done immediately, irrespective of local 
conditions, if the patient’s constitutional state will justify such a 
procedure. No harm can result from such practice. Infection from 
feces may be avoided, and union of the parts frequently takes place 
in the presence of apparently hopeless local conditions. 

Prdiminaries . — Nothing should be left undone to insure the per- 
formance of the operation under the most favorable conditions. None 
other than sheets and towels that have been sterilized should be used 
if at all possible, but if these are not available, recently laundered 
clean linens may be used after being gone over with a well-heated 
flat-iron, and covered with towels wrung out of a 1 : 1000 bichlorid 
solution. Thorough cleanliness and the strictest aseptic and anti- 
septic precautions should be observed on the part of tte surgeon and 
his assistants in their personal attentions, as well as in the preparation 
of receptacles for solutions and instruments. An abundance of clean 
hot and cold water, previously boiled, should be at hand. Instru- 
ments, irrigating apparatus, and rublwr gloves should be sterilized 
by boiling. Some of the most virulent infections have come under 
my own observation as a result of neglect on the part of practitioners 
concerning these simple precautions. 

The instruments necessary for doing a primary repair are scissors, 
a few hemostats, needl^holder, a few curved needles, and occasionally 
a retractor. The suture material may be left to the choice of the 
surgeon. Chroinicized catgut No. 1 has the advantage of holding the 
tisBuw in apposition until union has occurred, without irritation of 
the tissues or otherwise annoying the patient. 

Undw no consideration should the operation be attempted tnth:: 
thV patient Ijdng in bed^ The modem bedstead is too low for thok 
purpose, wd is back-breaking to the surgeon, while the soft, shiftl^ .' 
mattress is an additional obstacle to the proper performance 
operation requiring such nicety, of adaptation. One of the 
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supports for the patient is an ordinary kitchen table, four or five feet 
long by one and a half to two feet wide. This offers a properly 
elevated, non-shifting surface, can be so placed as to secure the best 
light for thorough inspection, and affords the surgeon and his assis- 
tants the necessary access for doing good work. By the use of a Robb 
leg-holder, but one assistant may be necessary. After the patient 
has been anesthetized, if an anesthetic is necessary, the vagina, 
external genitals, and immediate surroundings, including the hypogas- 
trium and the inner and anterior aspect of the upper thighs, should 
be thoroughly scrubbed with a solution of soap in sterile water, 
followed by some antiseptic solution, preferably bichlorid 1 : 1000, 
and, lastly, the field for exposure should be surrounded with sterile 
sheets.. 

Operation . — With all the necessary operating paraphernalia properly 
arranged, the surgeon, conveniently seated, separates the labia and 
exposes the entire genital field, using a retractor for the purpose if 
necessary. Bents of the cervix, if their repair is indicated, are first 
attended to. If the perineum, or vaginal walls are lacerated, a plug 
of gauze, or, preferably, absorbent cotton wrung out of a solution of 
bichloi^id, is introduced into the vagina well above the upper limits 
of the tom surface, to be removed with a forceps upon the completion 
of the operation. This secures a comparatively dry field and facili- 
tates examination of the parts and proper surgical manipulations. 

Tears of the anterior vaginal wall, if present, are sutured first; 
those of the vaginal sulci next, and perineal tears last. The exception 
to this order of procedure is in cases of lacerations of the perineum 
involving the sphincter ani and rectal wall, to be referred to later. 
Frayed and irregular edges should be smoothly trimmed with the 
scissors, and all sutures should be introduced so as to bring the 
separated structures as nearly as possible into the normal anatomic 
relations. This at times is difficult, owing to muscular retractions 
and consequent displacement of tissues. 

To one unaccustomed to this line of work, an excellent plan to 
follow in cases of extensive or complicated tears is to place one hand 
upon either side of the external parts and push the tom surfaces 
together in such a way as temporarily to restore the normal relations. 
The terminal angles of the tom tissues at the vaginal entrance are 
now transfixed by guide sutures, to serve as indicators of the lower 
limits of the vagina, which, when drawn together, bring the torn 
surfaces into correct apposition and disclose the depths and. proper 
relations of the stmctures to be sutured. 

Tears of the anterior vaginal wall are usually closed with con^ 
tinuous sutures of chromic catgut. The vaginal sulci iffip^d be 
repi^d, so as to bring the retracted ends of the torn Iqvatoi^ and the 
fascia into firm coaptation. This is best done by of a euhi^ ' 
needle, placing the sutures about onedy^ird of an 
needle penetrates the mucous membrane aybout:4;^Uart^ ioohf 
from the margin of the'tear on onq id^, 
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out into the tissues from above downward to the bottom of the sulcus, 
repeating the same procedure from below upward on reentering the 
tissues and emerging from the corresponding margin of the mucous 
membrane of the opposite side. Stitches thus placed, when tied, 
belly the muscular structures toward each other between the bottom 
of the sulcus and the free edges of the tom mucous membrane, securing 
firm coaptation throughout the whole line of suture. The two ends 
of each suture should be secured by a hemostatic forceps till it is 
ready to be tied. None of them should be tied until all have been 
introduced. 

In bilateral tears, first one side, and then the other, should be 
sutured. The external perineal wound should now be closed with 
transverse sutures, by observing the same general principles that 
apply to suturing of tears within the vagina, being especially careful 
to catch and reattach the retracted ends of the superficial transversus 
perinei muscles. 

In complete tears of the perineum, to prevent soiling of the raw 
surfaces and possible infection from fecal discharges, the tom rectal 
wall and sphmcter should be united before attempting to repair tears 
within the vagina. Tears of the rectal wall may be closed from above 
downward in one of three ways: (1) By interrupted sutures which 
are passed through the entire thickness of the rectal wall and tied 
within the lumen of the gut; (2) by interrupted Lauenstein sutures; 
(3) by continuous Lauenstein sutures. The Lauenstein suture 
includes the margin of the torn edge of the rectum, as well as the 
rectal wall itself, excepting its mucous coat, and whether the stitches 
are interrupted or continuous, the fixation knots are tied within the 
lacerated area facing the vagina. 

After the rectal wall, including the anal margin, has been restored, 
the next step is to reunite the tom ends of the sphincter ani. It 
should be recalled that, under normal conditions, this muscle sur- 
rounds the terminal portion of the bowel immediately beneath the 
skin, so that its retracted ends in cases of rupture are usually found 
in small deep sulci just within the tom edges of the skin, upon either 
side of the anal margin. The retracted ends, after being lifted up 
from the depths of these sulci with a tenaculum or toothed forceps, 
are reunited by two or three chromic catgut sutures. The line of 
union in the rectal wall may be reinforced, and tension minimized by 
a miming suture of catgut, uniting a portion of the deeper tissues 
overlying the rectum. 

Upon the completion of the operation the parts are washed with 
an antiseptic solution, after which an aseptic vulvar pad is applied. 
The patient is put to bed, and is now cared for in accordance with 
indications following delivery. 

k/eer-trsafmenf.— The patient is permitted to lie in any position. 
Tying the legs together is imnecessary. The catheter is not used;: 
unliess the patient is unable to pass urine. The external parts shoidd: 
.be irrigated with an antiseptic solution after each urination and bowel 
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movement. Douches should not be given unless especially indicated. 
The bowels should be moved on the third day after the operation by 
the use of some cathartic, preferably Epsom salts, and daily evacua- 
tion should be secured subsequently by enemas for not less than a 
week. In cases of repair following tears into the rectum milk and 
solid food leaving much residue must be excluded from the dietary 
for ten days, and each bowel movement should be preceded by a high 
enema of six to eight ounces of sterile oD, introduced by the use of a 
small rectal tube and a piston syringe. Non-ubsorbable stitches in 
the perineum should be removed in nine or ten days, excepting in 
sphincter and rectal tears, when the lower stitches should be allowed 
to remain a few days longer. Stitches in the vaginal sulci should not 
be removed for twelve days or two weeks. The patient may leave 
her bed in from two to three weeks, in accordance with the firmness 
of cicatrization of the repaired structures. 

The Intermediate Operation. — ^The intermediate operation is per- 
formed any time from twenty-four hours to two weeks after labor. 
The delay may be occasioned by any of the contraindications men- 
tioned for the primary operation. No denudation of the tissues, as 
a rule, is required. The parts should be thoroughly cleansed with 
rough gauze sponges, and in some cases it may be necessary to scrape 
the parts with a knife or curet. After trimming ragged edges in order 
to secure good coaptation, sutures are introduced as for the primary 
repair. 

Secondary or Plastic Operations. — ^The denudation operations of 
Emmet and Hegar, and their modifications by others, although still 
extensively practised, have been supplanted to a large extent by 
flap-splitting and resection procedures that require a certain degree 
of mobility of structure for their successful performance. In order to 
secure the most favorable results, therefore, plastic operations upon 
the perineum and vagina should not be attempted until the lacerated 
tissues have become cicatrized, the resulting cell infiltration has. 
disappeared, and the tissues have regained their pliability. In 
accordance with the extent of the lacerations, local changes, and the 
constitutioncd condition of the patient, the time required to secure 
this state of the tissues may extend over periods varying from two 
weeks to. two or more months. 

PrepanUion for Operation . — ^The patient' should be in bed at least 
two days before the operation. Spedud- attention should be givra 
to the thorough emptying of the alimentary canal. If this is neglected, 
the passage of hard fecal masses subsequently ma^^ bring about a 
separation of the sutured structures. My <me of the urdl-knpwn 
cathartics may be given; one or two grtuns orcaldmel in broken dPiM 
followed by BIpsom salts the day preceding (^ati^ 
answer the purpose. In eases Of pbstibahi ; 
if an ppwation is to W done for eoinpIete p<uh!^^t|Wfia^^ 
salts should be.' (pvdn' <m. 
operation, followed ' by 
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in the knee^hest position. On the morning of the operation no 
breakfast is allowed. The external parts are shaven, the lower bowel 
is washed out with an enema, and a full bath is given. The final 
preparation of the patient and all other preliminaries incident to the 
operation should be carried out, as directed for the primary operation 
fp. 426). 

Instruments . — With but few variations in their selection to meet 
special indications, practically the same instruments are required for 
all operations on the perineum and vagina. The following list is 
submitted, from which a selection may be made to meet the require- 
ments of a given case; Knife; straight and curved scissors; three 
shepherds’ crooks tenacula; two tenacula forceps; eight or ten hemo- 
stats; toothed forceps; needle-holder; rounded and sharp-edged curved 
needles; perforated shot; shot compressor; speculum and retractors; 
dressing forceps. 

Suture Material. — Silk, silkworm-gut, silver wire, and catgut are 
the suture materials that are generally employed in plastic work. 
Catgut has the advantage of disintegrating after serving its purpose, 
and is especially adapted for buried sutures. Its comparative early 
absorption when exposed to the discharges of mucous membranes 
should be borne in mind. Dry chromic catgut is more resistant than 
the same catgut of equal size preserved in alcohol or other solutions. 
If the tissues to be sutured can be brought together without much 
tension, catgut may be used throughout in any of the plastic proce- 
dures. Tissues requiring more than an easy tension should be approxi- 
mated with non-absorbable sutures. Of these, silkworm-gut secured 
with perforated shot is preferred by most surgeons. 

Operation . — Four distinct surgical abnormalities, with their special 
pathologic sequels, may present themselves: (1) Incomplete perineal 
tear; (2) complete perineal tear involving the sphincter ani and 
rectum; (3) injury of the levator ani muscles and posterior colpoceie 
or rectocele; (4) cystocele or anterior colpoceie. 

Two or more of those lesions may and frequently do coexist in 
the same patient, but each requires special consideration from an 
operative standpoint in order to secure the best results. The opera- 
tive procedures adapted to their repair may be. classified under three 
heads: (1) Denudation operations; (2) flap-splitting, cleavage, and 
flap-formation operations; (3) resections. The full significance of 
these terms will become more comprehensive in the succeeding descrip- 
tions of individual operative procedures. 

Operations on the Perineum. — An incomplete tear of the 
perineum causing symptoms requires denudation of the scarred 
area sufficient to expose and secure the retracted transversus 
perinei muscles and to dose the gaping vulvar orifice. This is 
usually best accomplished by a flap-splitting procedure or by a 
modified Hegar resection. In either case the inner borders of the 
labia majora, on a level with the lowermost carunculs myrti- 
formes, are caught with double tenacula and drawn apart. Beginnii^ 
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upon one side, the structure to the inner side of the tenaculum is 
grasped with toothed forceps, and one blade of a sharp-pointed 
scissors is thrust into the tissues, and, by a semilunar cut, the scissors 
split the tissues along the existing perineal margin to the inner side 
of the tenaculum on the opposite side. The cut may now be deepened 
by blunt dissection with the fingers or with scissors to the desired 
depth. If the vaginal flap is to be retained, the slack in same may 
be disposed of by the introduction of sutures, as practised by Professor 
Montgomery in his operation on the pelvic floor (Fig. 134), or it may 
be cut away so as to leave a triangular denudation that may be closed 
transversely, including all the tissues or by combined buried and 
superficial sutures, as indicated in Fig. 125, using chromic catgut for 
the deep sutures, and, if pre- 
ferred, interrupted silkworm- 
gut sutures externally. 

Complete Tear of the Peri- 
neum. — Numerous methods for 
the repair of this lesion may be 
found in the various text- 
books, but, owing to the lia- 
bility of contamination from 
the rectum, with resulting 
rectovaginal fistulffi, the com- 
plicated denudation operations 
formerly practised have been 
replaced by the simpler flap- 
splitting procedures, and more 
recently by the flap-formation 
methods, which practically 
eliminate the rent in the rectal 
wall as a factor in the opera- 
tion. Of these, every surgeon 
of experience comes to adopt 
two or three, to which he i*#— modiww* hboab colpopbbineoii- 

- ' RHAPHT* 

b6C0m6S 8iCCUStOI!llGd| soon Deq> and superficial continuous catgut sutures. 

learning that success depends 

moi9 upon doing well the operations to which he has given most 
attention than upon the actual methods themselves. Whatever the 
operative procedure, union of the retracted ends of the severed sphinc- , 
ter ani muscle, with a minimum exposiire of the wound to infection 
from the rectum, must be secured. 

Tait^ Operatioii for Completa Laceration.— The index and middle 
fingers of one hand are introduced into the rectum. One blade of a 
sharp-pointed scissors curved on edge is now thrust into the tissues, 
midway between the anus and the existing vulvar margin of the 
perineum, splitting the rectovaginal septum to the depth of about 
a half-inch. Two vertical incudons are next made, joining the trans- 
verse cut on a line with the anterior border of the lairgw lalMai, and. 
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extending from the level of the upper and outer caruncles to points 
a little outside and below the depressions or pits in the skin, indicate 
the position of the retracted ends of the sphincter. The combined 
incisions form the letter H (Fig. 126). As the vaginal and rectal flaps 
thus formed are held apart, a wide quadrilateral expanse of raw 
surface presents itself. Sutures of silkworm-gut are introduced 
transversely with a curved lleverdin needle. The needle is introduced 
about a half-inch from the cut edge of one side, passes underneath 
the raw surface to within a quarter of an inch of the bottom of the 
wound, reenters the tissues of the opposite side, and emerges through 
the skin on a level with the corresponding point of entrance. The 
lowermost suture includes the ends of the sphincter and skirts the 



Fig. 126. — Tait’h Jncihionb for Completb Fici. 127. — Appearance of Surface A^rrER 
Laceration. Formation of Flapb. Bvtureb Introouceu. 


rectal rent by being completely buried beneath the cut surface, 
exicepting where it passes through the skin. Owing to the mobilisa- 
tion' of the rectal wall, by its separation from the vagina, this suture . 
brings the uppermost portion of the rectal tear to the level of the skin 
(Fig. 127). After the sutures are tied (rarely more than four are 
required), the sphincter ends are brought into close contact, and ai 
deep muscular perineum is formed, separating the restored anus and 
the vulvar orifice. The remaining raw edge within the newly formed 
introitus vagime is closed with a continuous suture of catgut. The 
stitches are removed in about twelve days. In this operation there 
is no loss of tusue, and, if properly done, it usually gives good results. 
If, in addition to the rectal tear, the muscles of the pelvic floor are 
litewise involved, a correction of both defects may be accomplished 
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by carrying the incisions more or less deeply into the tissues on the 
sides of the rectum and vagina. 

Ristine’s Flap Operation. — In 1897 Ristine, of Knoxville, Tenn., 
introduced an operation for the repair of complete lacerations of the 
perineum which at once was recognized as a distinct advance over all 
other known procedures. It still retains its originality in principle, 
irrespective of its modifications by others in technic. A vaginal flap 
is formed by making practically a transverse cut through the vaginal 
mucous membrane, a half-inch or more above the rectal margin, with 
lateral incisions extending to the sphincter pits (Fig. 128). The flap 
is loosened from above downward, its attachment at the rectal 
margin remaining, which, upon being drawn down, covers the rectum 
like an apron. The sphincter ends are drawn out of their sulci with 



Fi«, 128 .— -Ristinb's Lina op Incision pos Fio. 120.— Ribtinb’s Opbhation. 

CoMPLETA Laceration of the Perineum. Pli^p turned down. Stitches introduced. 

uterine tenacula or toothed forceps and sutured together. A sil kwor m- 
gut suture is now passed through both the skin and muscle. Having 
thus converted a complete into an incomplete tear, with the equivalent 
of a Hegar resection of the vagina, the balance of the wound is closed 
accordingly (Fig. 129). After the parts have been sutured, the flap of 
tissue which has been turned down projects from the anterior anal 
margin, and may be fastened over the line of union, thus protecting the 
recently united perineal tissues from fecal discharges. In this opera- 
tion there is no wound involving the rectal structure, and the oppor- 
tunity for the formation of a fecal flstula is reduced to a rainimtrm. 

Watkins* Operation. — Recently, Thomas J. Watldns introduced 
an operation that is adapted to the average case of complete laice^ 
tion, and more than any other obviates the posaibiiity of eontamini^U 
from the rectum. ' 

VOL. v^-28 
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A straight transverse incision, about a half-inch in length, is made 
through the vaginal mucosa, not less than a half-inch, and in some 
cases an inch, above the margin of the rectal tear. A sharp-pointed 
straight scissors is now introduced into the incision upon one side, 
and pushed down to and into the retracted end of the sphincter, the 
location of which is indicated by the usual skin dimple. The blades 

of the scissors are opened so as freely 
to separate the tissues. The same 
process is repeated on the other side. 
The connective tissue between these 
two points is now thoroughly separated 
by blunt dissection down to the junc- 
tion of the rectal wall with the existing 
perineal border. • The end of the muscle 
upon either side is lifted out of its bed 
with a uterine tenaculum, seized with 
toothed forceps, and brought into 
view. The two ends of the muscle, 
including some of the surrounding 
connective tissue, are sutured with 
chromicized catgut (Fig. 130). The 
vaginal incision may now be closed, 
or, if indicated, it may be utilized as 
a base for the performance of a flap- 
splitting or resection operation upon 
the pelvic floor. The advantages 
claimed for the operation are — (1) The 
long distance of the external sutures 
from the anus, thus minimizing the 
danger of infection; (2) individual 
suture of the muscle; (3) the formation of rectovaginal fistulas is 
impossible; (4) postoperative enemas can be given without danger 
of injury or infection. 

Simpson’s Operation. — Simpson’s operation* is especially adapted 
to complete tears that involve the rectal wall high up. Vaginal and 
rectal flaps are formed as in Tait’s operation. The defects in the 
flaps corresponding with the position of the original laceration are 
now closed by interrupted sutures, so as to restore the anterior rectal 
wall posteriorly, and the floor to the entrance of the vagina anteriorly. 
The knots in the rectal flap are tied in the lumen of the gut, while 
those in the vaginal flap face the vagina. The retracted sphincter 
ends and the quadrilateral raw surface are now brought together with 
interrupted sutures, as in the Tait operation. Individual suture 
of the sphincter ends and closure of the remaining subcutaneous 
structures with buried continuous sutures, forming superimposed 
layers of tispues, with separate approximation of the skin-edges, using 
chromic catgut throughout, have given most excellent results in my 
own hands. 



Fio. IJW.—W ATKINS* Operation. 
Suture of the ephincter ani musole. 
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Operations on the Pelvic Floor: Posterior Colpocele; Recto- 
ceie« — ^The operations for the restoration of the lost power and 
functions of the pelvic diaphragm following lacerations of its anterior 
segment are likewise indicated if these conditions depend upon dias- 
tasis of the levator muscles, the result of overdistention, subinvolution, 
or constitutional debility, and even if due to senile atrophy. 

To Eii\met belongs the credit of having devised, more than a quar- 
ter of a century ago, a surgical procedure for the correction of these 
abnormalities, which, with some important modifications, is still 
the operation of choice with many surgeons. 

Emmet’s operation, as modified by Dr. C. P. Noble, is well-nigh 
a perfect procedure in its results, but no more so than some of the 



Fio, 131. — ^Phrinhoiirhapht. (Kelly and Noble,) 
The field of operation li exposed for denudation. 


simpler flap-splitting, cleavage, and resection operations that are fast 
gaining in favor with the more advanced surgeons of our day. 

Emmet’s Operation, as Modified by Noble.— Two shepherds’ crooks 
tenacula and two tenacula forceps are used to expose the field for 
denudation. One tenaculum forceps catches the skin of the peiweum 
below the fourchet, on a line with the anus. The tissues in the 
vicinity of the remains of the hymen on each side, just below the 
orifice of the vulvovaginal j^ands, are fixed by shepherds’ crooks 
tenacula and held by assistants. The crest of the rectocele is picked 
up with the other tenaculum forceps at a point whichi upon the 
completion of the operation, will be about one^fifth of an inch within 
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the original position of the previously intact hymen. Owing to the 
variable size of the rectocele, this may be determined by lifting it up 
against the anterior vaginal wall, when the point to be selected 
should correspond with this structure just below the external Urinary 
meatus. Traction upon these fixed points exposes three triangles — 
an external one, between the shepherds^ crooks tenacula and the 
forceps attached to the skin of the perineum, and an internal one, on 
each side between the forceps holding the rectocele and the shepherds' 
crooks tenacula, and running up the vaginal sulcus a variable distance 
(Fig. 131). These triangular areas arc now denuded by the removal 
of successive strips of tissue by means of toothed forceps and the 



Fia. 132. — FBR1NB0RRU4PHT. (Kelly and Noble.) 
The denudation is completed. 


two Emmet curved scissors, leaving a raw surface (Fig. 132 ). The 
sutures are introduced with a full-curved light-weight needle, armed 
with a carrier. The method of suturing is best expressed in Noble’s own 
words; “ Each suture should be tied as it is introduced. Two or three 
sutures usually suffice to approximate neatly the upper end of the 
sulcus. Usually two sutures are now introduced to attach the 
posterior vaginal wall to the levator ani muscle. When a rectocele 
exists, these sutures are employed to pick up the loose tissues of the 
rectocele and roll them back into the pelvis by attaching them to the 
levator ani muscle, at the same time elevating the posterior wall of. 
the vagina, so that, at the completion of the operation, it shall lie 
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in contact with the anterior vaginal wall. The first of these sutures 
may be of catgut. The second should be of silkworm-gut, and act 
as a tension suture. When operating in the left sulcus, these sutures 
are introduced as follows: Thie lateral vaginal wall is pushed within 
the pelvis with two fingers of the left hand, and, at the same time, 
elevated toward tlie pubic arch. This maneuver is practised so that 
when the suture is passed, it will tend to fasten the lateral vaginal 
wall to the levator muscle at a higher plane within the pelvis. The 
needle is introduced 5 mm. (i inch) from the margin of the wound, 
and is passed directly through the levator muscle, so as to catch a 
firm hold on the muscle and its fascia. It is then brought out into 
the sulcus, about 1 cm. (f inch) below the lateral margin of the wound. 
The ne(!dlc is then introduced into the loose tissues of the rectocele, 
at a plane considerably below the point of its emergence, and made to 
I)ass along the sides of the rectocele without penetrating the recdal 
wall, until it emerges upon the posterior vaginal wall at a point 
corresponding with its point of entry. The effect of these sutures 
when tied is to draw the rectocele back into the pelvis and to elevate 
the posterior vaginal Wiill, and attach it to the leyator muscle. The 
last or “tension suture” should be just within the border of the 
levator muscle. The location of this muscle should always be deter- 
mined before placing these sutures. The denudation in the opposite 
sulcus is now sutured in a similar manner. 

The crown suture is next passed. This should be of medium 
weight catgut, and is a superficial suture throughout. It is passed first 
through one lateral vaginal wall, the tip of the posterior vaginal wall, 
and then through the opposite vaginal wall. This suture is about 
^ (;m. (i inch) within the hymen, which is about opposite the anterior 
border of the levator muscle. The next suture should be of silkworm- 
gut, and its special purpose is to approximate the anterior borders 
of the levator muscle covered with their fascia, so as to obtain fascial 
union, and in this way imitate the union of the slips from the levator 
ani muscle, which unite in the rectovaginal septum. -The needle 
is introduced through the lateral vaginal wall just within the hymen, 
and passes rather superficially from before backward and from above 
downward for about I cm. It is then made to pass deeply into the 
left sulcus, until the anterior border of the levator muscle is caught 
in the depths of the sulcus. This maneuver may be facilitated by 
picking up the border of the levator muscle with a dissecting forceps. 
The needle is then brought out of the sulcus, and is made to catch up 
some tissue at the bottom of .the wound. It is then passed into the 
right sulcus deeply enough to catch the anterior border of the levator 
muscle, after which it is passed through the tissues of the right side 
in a manner corresponding to the left. When tied, this suture will 
approximate the anterior borders of the levator an^muscle. This 
procedure may be modii&ed by buiying a catgut suture to approximate 
the anterior borders of the levator ani muscle, or a silkworm^gut 
suture may be pass^ in the form of an 8. The next silkworm-gut 
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suture is introduced at the plane of the hymen to approximate the 
tom deep pelvic fascia. One or two deep sutures suffice to approxi- 
mate the wound in the skin perineum. Silk is usually used for this 
purpose, as these external sutures are usually removed at the end 
of a week, whereas the internal ones remain for two weeks. If super- 
ficial sutures are needed, they should be of light weight (No. 1 or No. 2) 
catgut.” 

Cleavage and Resection Operations with Individual Suture of the 
Levator Ani Muscles. — Coincident with a true appreciation of the 
pathology of these abnormalities, surgeons everywhere are beginning 
to recognize the advisability of operating upon the faulty structures 
in such a way as to effect direct exposure and individual suture of 
the levator ani muscles, with separate closure of the overlying muco- 
cutaneous structures, as is now generally done in approximating the 
tom sphincter ends in operations for complete tears of the perineum, 
and as practised for the closure of hernias in other portions of the 
body. 

With the restoration of the anatomic and physiologic integrity 
of the anterior segment of the pelvic floor assured, the closure of the 
remaining portion of the wound, of whatever type, resolves itself into 
a mere matter of cosmetics, in disposing of redundant tissue within 
the vagina and of securing approximation of the vulvar structures. 

The operative procedure best adapted to secure a proper cosmetic 
effect depends upon the proportionate redundancy of tissue in the 
vaginal wall itself, and upon the depth in a given case of an associated 
perineal laceration. In the absence of a deep perineal tear, and with 
moderate prolapse of the vagina, a cleavage or modified flap-splitting 
operation through the rectovaginal septum without any sacrifice of 
tissue may be indicated, but in cases with large rectocele or submucous 
detachment of the vaginal walls with prolapse (posterior colpocele), 
removal or resection of the excessively redundant vaginal stmcture 
may be done in several ways, to be referred to presently. In either- 
case an associated perineal tear of sufficient depth to involve the 
transversus perinei and bulbocavernosus muscles may be corrected 
by an extension of the operation selected for the vagina, so as to 
include this structure. 

. Montgomery’s Operation. — An operation introduced by Mont- 
gomery, founded upon the foregoing observations, which is simple 
in Qonception, easy of . performance, and gives as satisfactory results 
as any mth which I am familiar, has been practised at the Jefferson 
Hospital for the past five years. The technic in brief is as follows: 
Fixing the structures in the vicinity of the outer caruncle of one side, 
with toothed force{M, the blade of a sharp-pointed scissors is thrust 
into the tissues on its inner side and the mucocutaneous junction of 
tl^ existing perineal border is severed to the corresponding caruncle 
of the opposite side. Following this “base line of incision,” the; 
rectovaginal ‘ septum is split with scissors or blunt dissection witb 
the fingers to a depth of an inch or more, as may be indicated} 
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separation of the tissues is now carried downward and outward on 
both sides of the vagma and rectum toward the pelvic wall by blunt 
dissection with fingers only (Fig. 133), in order to expose the relaxed 
and retracted levator ani muscles and fascia, or until the resisting 
intact muscular fibers can be felt. The vaginal flap thus formed is now 
seized with forceps or tenaculum and held out of the way by an as- 
sistant, while the surgeon, with a well-curved needle armed with cat- 
gut, picks up the outlying levator fibers from the depth of the wound 
on one side (Fig. 134), passes the needle over the rectum and intei^ 
vening perineal structures, and secures the corresponding portion 
of the muscle on the opposite side; or the muscle-fibers may be drawn 
into view with a hemostat or toothed forceps, and transfixed with 
needle and suture. Upon withdrawing the needle both muscular 



Fjg. 133.—" BAaB;|.iNB In^bion " WITH Clbavagb or Rbctovaoinal Sbptum fob Eitbbb 
Flap or Rbbection Opbbationb on tub Pelvic Floob. 

bundles are held in a single loop of catgut, which, upon being tied, 
places them into close apposition between the vagina and rectum. 
One or two additional sutures introduced in a like manner, one above 
the other, insures a wide and smure union of muscular structure. A 
suture is now passed tri^versely through the depth of the vaginal 
flap, immediately above the sulcus formed by the separation of the 
tissues, and well within the raw area. This suture, when tied, draws 
the tissues together and closes what oiliterwise would remain as a 
de^ space upon the completion of tiie pperatioi^ If a rectocete 
existed before these numeuyeis, it is now held, back bj^ a stn^ intUK 
cular wall, and ^t partiaUy inepippEst^V:^ 
tiuM, as is done in ^ Bminet opernti^ % y 
tions. In closing thp siipsr&iii|ii ps^ lie 
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the upper angle of one side of the wound, entering the skin J to i of 
an inch from the margin of the wound, pusses along the free raw edge 
of the upturned vaginal flap, not unlike the draw-string in the mouth 
of a bag, the needle emerging at a point on the opposite side of the 
vagina corresponding with its point of entry. This is termed the 
crown stitch (Fig. 135), and when tied, narrows the introitus, and 
protects the deeper parts from contamination with the vaginal dis- 
charges. The remaining portion of the wound is closed by continuous 
or interrupted sutures, using whatever suture material the surgeon 
prefers. In this operation there is no sacrifice of tissue and a minimum 
of tension along the line of suture. With the hernial opening in the 
pelvic floor closed, the slack in the upturned flap in time retracts and 
accommodates itself to the anatomic necessities of the vaginal canal- 



Fiii. Mont»omery'h Operation. Fiq. 135. — Montqomgry’r Operation. 

Vaginal flap turned up. Outiving levator Levator muscles sutured together. DuricMl 

muscle picked up with curved needle fur suture suture through vaginal flap near bottom of 
to its fellow of the opposite side. sulcus. Ciowii stitch along free edge of vagi- 

nal flap. 

In dealing with cases associated with redundant vaginal tissue 
I myself prefer to do the operation as follows: The crest of the recto- 
cele is secured with a tenaculum forceps at a point which, when lifted 
up, corresponds with the external urinary meatus, and, while thus 
held by an assistant, the “base line incision” is made as already 
indicated, but in separating the septum, the median dissection is not 
carried up to so high a level in the vagina as practised by Dr. Mont- 
gomery. Laterally, the levators are exposed by carrying the dissec- 
tion well beneath the vaginal sulci. An Emmet outline resection 
of the vaginal flap is now done, being careful not to remove too much 
tissue, because here, as elsewhere, in doing plastic work, it is always 
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better to err on the side of taking away too little rather than too much. 
The levators arc now united, as in the Montgomery procedure (Fig. 1116 ). 
The lateral triangles are closed with cither continuous or interrupted 
catgut sutures. A crown stitch is now passed by transfixing the skin 
of one of the external angles of the resected tissues about J inch from 
the cut edge, tluj denuded crest of the rectocjele just uiuUu’ tluj tiuiac- 
ulum forceps, and the opposite external angle, the nec'dle emerging 
from the skin at the corresponding point of entrance. TIkj remaining 
perineal sutures are passed transversely. The sutures in tlie sulci, 
if interrupted, are tied as they are introduced, while the (?rown stitch 
and perineal sutures are not tied until all hav(' Ixhmi introdiK^etl. (/are 
should be taken so to place the sutures that dead spaces may be 
avoided. 



Fio. 1S6.— Emmet Outline Reheltion. Fio. 137.— Tait’k Line of Incikion for He- 

Indiviflual suture of levator uni muscle. laxei> oh Laukrateo Pelvic Tlooh. 

Tait’s Flap-splitting Operation. — ^'rhe index- and middle-fingers 
of one hand are introduced into the rectum. One blade of a shai'p- 
pointed scissors curved on the edge is now thrust into the tissues, 
midway between the anus and the existing vulvar margin of the peri- 
neum, splitting the rectovaginal septum to the depth of a half-inch 
or more. It is next pushed up on either side in a curved line, ending 
at the anterior edge of each labium majus, at points on a line with the 
upper and outer caruncles (Fig. 137). Bloody oozing is usually con- 
trolled by the sutures, but spurting vessels should be ligated with 
catgut. The vaginal flap is held upward with tenaculum or forceps. 


442 SUBOBBT OF THE FEMALE QENITO-UBINABY OBOANS. 


Sutures of silkworm-gut a half-inch apart are now introduced trans- 
versely with a Heverdin needle. The needle is introduced about 
i inch from the cut edge of one side, passes underneath the raw surface, 
and emerges through the skin on a level with the corresponding point 
of entrance. A few intermediate sutures of catgut, and one or two 
to fix the free edge of the vaginal flap, may be necessary. This 
operation is easily and quickly performed, and if properly done in 
moderate relaxations of the pelvic floor without rectocele or colpocele, 
gives fairly good results. 

Anterior Colpocele; Cystocele. — Relaxations of the anterior 
vaginal wall are almost invariably associated with lacerations or 
relaxations of the pelvic floor. The condition may be a part of a 
general ptosis of the pelvic structures, more especially prolapse of the 
uterus. Subinvolution of the tissues, depending upon lacerations 
and other disordered conditions of the cervix, frequently is a causative 
factor. General debility and senile atrophy may result in prolapse 
of the vesicovaginal septum, with consequent cystocele, in the absence 
even of other local lesions. In cases of lacerations of the pelvic floor 
of moderate degree the relaxed tissues may regain their muscular 
tone and the abnormality disappear upon restoring the anatomic 
integrity of the levator muscles. Usu^ly, however, an operation 
upon the faulty structure itself becomes necessary. 

The operative procedure adapted to the correction of an anterior 
colpocele, which, as already pointed out, is merely a prplapse of the 
anterior vaginal wall without involvement of the vesical base, is only 
partially applicable to the treatment of pronounced cases of cystocele 
in which the prolapsus involves the entire thickness of the septum. 
In the former, a resection of the prolapsed vaginal wall with suture 
generally corrects the abnormality, but to remedy the latter requires 
detachment of the base of the bladder from the vaginal and cervical 
structures, with their transposition to a higher level, and the formation 
of a new base of attachment, with or without a resection of the vaginal 
tissues. The differentiation of these two conditions in all cases before 
operation is not always possible, nor is this necessary, because upon 
separating or splitting the vesicovaginal septum (the first step in 
operating for either condition) the true state of the tissues is at once 
discovered, and the operator is then governed accordingly. 

The operation for the correction of either condition is usually 
designated as an anterior colporrhaphy. 

Anterior Colporrhaphy. — ^The operation is performed with the 
patient in the dorsal position. The anterior vaginal wall is fixed with 
two tenaeula forceps: one held by an assistant catches the tissues a 
half-inch below the urinary meatus, and the other at its reflection on 
to the cervix, a variable distance from the external os. The latter 
lij^ewise serves as a tractor by its own weight, and should, therefore, 
be of the hMvier type of instruments. A straight incision is now 
made from one tenaculum forceps to the other, through the entire 
thickness of the vaginal wall, down to the connective-tissue layer 
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between it and the base of the bladder. A better plan in some cases 
is to pick up a transverse fold at the summit of the vaginal protrusion 
and cut this across with knife or scissors; the cellular layer is thus 
reached by a single stroke of the instrument, and with the least 
possible danger of wounding the bladder. The incision can then be 
extended to both tenacula forceps with the scissors. The bladder 
and the vaginal wall are now roparated to the extent indicated by 
the size of the vaginal protrusion, upon either side of the incision, by 
blunt dissection or cleavage with the fingers, nicking here and there 
resisting bands with knife or scissors. 

In cases of colpocele the cellular layer will be well developed, 
while the base of the bladder retains its normal position. The closer 
the association of the bladder with the vaginal wall, or rather the 
thinner the intervening connective tissue, the more the protrusion 
partakes of the characteristics of a cystocele. Both conditions may 
coexist. The vaginal walls in cases of colpocele are usually more 
hypertrophied and rugose than in patients with cystocele. 

If the condition proves to be a colpocele, an oval resection of the 
vaginal flaps is done from above downward, being careful not to 
remove an excess of structure, rraulting subsequently in undue tension 
along the line of suture. In order to give the vesical base additional 
support and minimize tension at the surface, a buried suture of chromic 
catgut may be used to unite the deeper portions of the wound, or this 
may be accomplished by the introduction of a few mattress sutures 
through the base of the vaginal flaps. Superficially, the wound may 
be closed by either interrupted or continuous sutures of chromic catgut 
so placed as to prevent dead spaces. 

If the condition proves to be a cystocele, the vaginal flaps are held 
apart with hemostats, and the prolapsed vesical base is now well 
freed from the vagina and cervix by blunt dissection or cleavage with 
fingers and scissors along the line of its connective-tissue attachments 
to these structures (Fig. 137). The dissection may be carried up to 
the vesico-uterine peritoneal reflection. The risk of wounding the 
bladder during these manipulations is slight. The vaginal flaps are 
resected to the extent indicated for securing a properly retracted 
condition of the tissues, the broader portion of the resection being 
toward the cervixi The bladder-wall itself is now retracted by a 
purse-string suture of catgut. Approximation of the deeper tissues 
forming the vaginal flaps may be done with a buried suture of catgut, 
as already indicated. The vaginal wound should be closed from, the 
cervix upward either with continuous or interrupted sutures; and m 
accordance with the original size of the cystocele and the remaining 
tendency to prolapse of the pelvic structures in general should the 
vagina be attached to a higher level on the cervix. The vagind 
roof in some cases is thus lifted to the level of the internal os. This 
necessarily forms a more elevated base of support for the bladder, 
and lessens the tendency to prolapse. 

Instead of resecting the vaginid flaps, these may be retained, and, 
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after separating and elevating the bladder, may be united by approxi- 
mating their raw surfaces from base to cut edge with buried sutures of 
catgut, at the same time attaching the deeper vaginal tissues to the 
cervix as high up as may be desired. A superficial continuous suture 
of chromic catgut completes the operation. This leaves, as held by 
some, a thick column of vaginal structure as a means of additional 
support. The resection procedure, however, is the operation rtsually 
preferred. 



Fia. 138.— Operation for Cybtocele. 

Detadhment of bladder by blunt dissection with finger. First step in Wert helm' Watkins operation. 

Hemorrhage during the performance of the operation is controlled 
with hemostats and the su^equent suturing. Occasionally, a vessel 
must be ligated. The after-treatment is the same as for all plastic 
operations on the vagina. 

'Wertheim-Watkins Operation for Cystocele and Uterine Pro- 
lapse. — Wertheim and Thomas J. Watkins, working independently of 
each other, but directing their efforts toward the accomplishment of prac- 
tically the same ends, introduced and developed an operative proce- 
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dure for the cure of extensive cystocele, especially in women who have 
passed the menopause, that is almost ideal. After separating the 
anterior vaginal wall from the cervix by a semilunar incision, the 
vesicovaginal septum is incised and split, and the bladder is detached 
from the vagina and uterus, as described for anterior colporrhaphy 
(Fig. 138). The uterovesical fold of peritoneum is now broken through 
or incised with scissors, and the opening enlarged sufficiently to 
deliver the body of the uterus. This may be done with the fingers 
or by traction on the fundus with a tenaculum forceps.' The vesical 



Fia. 139 .— Wbrthbiii-W ATKINS Operation for Cystocele. 

Uterine body delivered through uteroyesioal peritoneal fold. Vesical peritoneal edge sutured to. 
uterus. Sutures plao^ for fixation of uterus to antenor vaginal wall. 

peritoneal edge may be sutured to the' corresponding surface on the 
posterior wall of the uterus, thus closing the peritoneal opening. 
A suture is now passed through the vaginal flap below the urethra, 
through the body of the uterus posterior to the fundus, -and out 
through the opposite vaginal flap, the needle emerging at the cor- 
responding point of entry (Fig. 130). In placing this suture Watkins 
directs that caie must be exercised not to draw it down so firmly 
that it may obstruct the urethra by pressure. A second suture is 
placed parallel to. the first, as shown in the illuetration. After these 
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sutures are tied, the re ma ini ng portion of the vaginal flaps is drawn 
over the uterine body and the wound is closed by either continuous 
or interrupted sutures. 

Upon the completion of the operation the bladder is supported by 
the posterior uterine wall. The broad ligaments are shortened by 



Fig. 140 .— Wbbthbim-Watkiiih Opbbatxon fob Ctbtocblb Complbtbd. 

the forward tilt of the uterus, so that the ovgm is elevated, with the 
additional advantage of a changed trans^rse inclination of about 
’ 180 degrees, thus placing the cervix high up in the vaginal vault, 
at an acute angle with the vaginal canal (Fig. 140). 

nSTULASe 

, , Fistulas peculiar to the female are openings betw'cen the urinary 
or the intestinal tract and some part of the genital canal. 

Urinary Fistulas. — Classification.— According to their anatomic 
location in the urinary tract, the classification is as follows: 

Urethra: 

Urethrovaginal 

pUrethroveaicovaginal. 

Bladd^: / 

Vesicovagii^ x 

* Vesioo-uterine X 

VeBieo-uterovaginal >Veaioo-ureterovaginaL 
iTrator: / j 

Ureterovaginal ^ > 

Uretero-uterine. 
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Etiology. — Owing to improvements in midwifeiy and the more 
frequent use of the forceps, urinary fistulas the result of pressure 
necrosis following labor are becoming comparatively rare, and to-day 
more of these preternatural tracts result from gynecologic operations 
than from any other cause. 

The relative frequency of fistulas with reference to different parts 
of the urinary tract has likewise changed places. Whereas formerly 
the bladder was the usual seat of the trouble, the extension of gyne- 
cologic procedures involving the removal of the uterus have resulted 
in a gradually increasing number of urctcrovaginal fistulas, so that 
this special variety is now far more frequently met with than ever 
before, and occius oftener than any other form of urinary fistulas. 

Owing to the anatomic conformation of the parts, urinary fistulas 
involving the uterus can take place only through the cervix. Vesico- 
uterine fistulas usually follow obstetric Operations that result in a tear 
of the cervix extending into the bladder, with subsequent union of 
the cervix below a persistent fistulous tract, between it and the blad- 
der. Vesico-utcrovaginal fistula, located at the anterior cervico- 
vaginal junction, usually results from the same cause as the foregoing, 
or from pressure necrosis with destruction of the anterior cervical 
lip. Urctcro-uterinc fistulas may be regarded as a surgical curiosity. 

Other causes are foreign bodies either in the vagina or bladder, 
ulcerating through the vesicovaginal septum, perforations incident 
to malignant, tuberculous, or syphilitic affections, burrowing abscesses, 
and very rarely gangrenous processes the result of some debilitating 
febrile disease, e, g., typhoid fever. An opening into the bladder 
also may be made purposely for removing a growth or foreign body 
or for treating a cystitis. 

Course and Symptoms. — A fistula resulting from an accidental 
traumatism, the use of obstetric instruments, or following a gyne- 
cologic operation is followed by an immediate discharge of urine through 
the vagina. In cases of pressure necrosis following a protracted 
labor the separation of the slough requires from four to ten days, 
so that the escape of urine does not occur until several days after 
delivery. An ulcerative perforation involving the vesicovaginal 
septum resulting from cancerous or tuberculous disease usually in- 
dicates an advanced stage of the morbid process, is incurable, and will 
not be considered further. 

The course of urinary fistulas is toyrard ultimate closure, cither 
primarily or by granulation and cicatrisation. Clean-cut fistulas 
and even small fistidas, the result of necrosis involving the bladder 
or urethra, in some cases close spontaneously. In all other ca^ 
epptraetion of the fistulous tract occurs, so that upon the completion 
cicatrieiai process the opening may be reduced to one-half or 
less orits ori^a] eue. 

A ureteral resulting from a complete division of that tubular 
canal never eloses sppnt^ but a lateral opening in a ureter, 
whether clean cut, inflammatory origin, or tiie result of pressure 
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necrosis, usually closes if given sufficient time. In a case of my own 
urinary leakage followed a hysterectomy with the Downes electro- 
thermic angeiotribe. The urinary discharge, which was foimd to 
equal in quantity that passed naturally, indicated the existence of a 
ureteral fistula. The urinary dribbling cobtinued for seven weeks, 
then gradually lessened, and finally ceased. Dr. Montgomery had 
a similar experience after a hysterectomy. The leakage in his case 
continued five weeks. A differential diagnosis between a lateral' 
defect and complete division of a ureter can be made only by giving 
the fistula the test of time. If it fails to cicatrize within ten or twelye 
weeks, a complete division of the ureter may be taken for granted. 

In cases of urinary fistula constant or irregular urinary discharge 
from the vagina is the most prominent symptom. Cystitis due to 
infection is a frequent complication, and occasionally the ureters and 
kidneys become involved. The infected bladder renders the urine 
alkaline, ammoniacal, and irritating, causing excoriations and abra- 
sions, with resulting vaginitis and vulvitis. The vagina, especially 
at the site of the fistulous opening, becomes the seat of fetid phosphatic 
deposits. In time the patient’s general health fails from loss of 
appetite, rest, and sleep; she becomes pale, emaciated, and in some 
cases cachectic. Patients with fistulas always have a disagreeable 
urinous odor. 

Diagnosis. — Locally the conditions present are determined by 
touch, sight, and the use of instruments. 

In urethrovaginal fistulas the urine is retained until it is dis- 
charged voluntarily. But with an intact pelvic floor or in the presence 
of obstructing cicatricial bands some of the urine may find its way to 
the upper portion of the vagina during micturition, and subsequently 
be discharged involuntarily in gushes at intervals. This may arouse 
a suspicion of the existence of a ureteral or vesical fistula. The 
proper exercise of touch and sight, aided by a Sims speculum and a 
probe, with the patient in the Sims position, usually clears up the 
diagnosis* In cases with a small fistulous opening at some distance 
from the meatus, if other means fail, the diagnosis may be made by 
exclusion by using tests for the discovery of vesical and ureteral 
^tula. 

Vesical and Ureteral Fistndas . — If the parts are accessible, a 
large vesical fistula is easily recognized by touch or sight, aided, in 
some cases, by the use of a sound introduced through the urethra, and 
brought out through the fistulous opening, where it may be seen or 
felt with the finger. Placing the patient in the knee-chest position, 
and retracting the posterior yagind wall with a Sims speculum, may 
brmg an otherwise imperceptible fistula into view. In all cases of 
vedcal fistulas, and especially if so situated as to permit an accumula- 
tion of urine in the bladder to be voided voluntarily, with a coincident 
involuntary urinary discharge more or less continuous from the 
vagina, and in which the existence of a ureteral fistula may be^sua’. 
pected, the diagnosis can be established with certainty by injeodng' 
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milk or an anilin solution into the bladder, when this may be seen 
issuing from the fistulous opening or from the vagina. If the fistula 
is very small, by first drying the vagina and then placing a piece of 
gauze or blotting-paper in the canal, the fiuid mjected into the bladder 
will discolor the material; in the vagina at the site of the fistula. If 
the colored fluid in either case fails to appear as indicated, the fistula 
is ureteral and not vesical. 

These dia^ostio tests are likewise applicable in differentiating 
between a vesico-uterine and a uretero-uterine fistula. The diagnosis 
of a ureterovesicovaginal fistula is based solely upon the discovery 
of the ureteral orifice in the margin of the fistulous opening between 
the bladder and vagina. 

Treatment . — In rec&nt eases douches of boric-acid solution three or 
four times daily, keeping the urine well diluted and slightly acid, to 
prevent the formation of phosphatic deposits, are indicated. By 
observing these precautions a certain proportion of small fistulas, 
after two or three months, may close spontaneously, while those of 
a larger caliber become greatly diminished in size and are placed in 
the best possible condition for operation. 

In chronic cases fistulas of very small caliber have closed after 
repeated cauterizations, using either the thermocautery or galvano- 
cautery. Nitrate of silver and nitric acid have been used for the 
same purpose. This treatment at best, however, is uncertain, and 
operative measures to cure the condition usually become necessary. 
The operative treatment consists in — (1) The preparation of the 
patient; (2) the operation; (3) after-treatment. 

Preparatory Treatment . — In some cases but little preparatory 
treatment, if any, is necessary; in others it may take two or more 
weeks to put the parts in condition for operation. 

Phosphatic incrustations may be removed mechanically by sitz- 
baths and by douches with boric-acid solutions, and resulting raw 
surfaces should be painted with a solution of silver nitrate (10 grains 
to the ounce) once or twice weekly until healed. Reaccumulations 
of urinary salts should be prevented as already indicated. Cystitis, 
if present, must be corrected before an operation is attempted by 
keeping the urine slightly acid and well diluted, and by irrigating the 
bladder with boric-acid solution several times daily. Ordinary 
rautton-siiet applied to the external parts is the best protective against 
excoriating influences of the urinary discharge, as well as for relieving 
existing abrasions and inflammation. 

With improvements in operative methods the painful and annoying 
practice of a long course of treatment in stretching, dividing, and 
restretohing adhesions and cicatricial contractures by incisions, the 
use of colpeurynters, and other forms of vaginal dilators has to a 
large extent been abandoned. 

The Operation . — ^The preparation of the patient and the necessary 
preliminaries immediately preceding the operation, including the 
selection of instruments -and suture materials, are about the same as 
VOL. V— 29 
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indicated for operations on the pelvic floor and perineum. (See 
pp. 426 et seq.) 

Denudation Operation for the Cure of Vesicovaginal Fistula. — The 
fllniwip. operation for the closure of a vesicovaginal fistula of moderate 
size, as introduced by Sima and improved and popularized by Simon 
and Emmet, is performed as follows: The patient may be placed in 
the Sims or the dorsal position. If the dorsal position is selected, 
a self-retained speculum or retractors are used, as may be indicated. 
The cervix is seized with a tenaculum forceps and pulled down to the 
entrance of the vagina. The proposed limit of the denudation sur- 
rounding the fistula may now be outlined with a knife. Picking up 
the tissue with a toothed forceps, it is removed all around the fistula 
with knife or scissors, in one strip, if possible, avoiding the error of 
simply making a superficial denudation, but extending down to but 
not including the vesical mucous membrane. If the denuded surface 
does not appear broad enough to secure good coaptation, a second 
strip is removed. The width of the denudation may vary from a 
quarter to a half inch, in accordance with the condition of the tissues 
and the tension necessary to close the opening. 

Small curved needles armed with carriers are used for the intro- 
duction of sutur^, which may consist of silver wire or silkworm-gut. 
In passing the sutures, approximation of the pared edges should be 
effected in the direction of least resistance; the needle penetrating the 
tissues about a quarter of an inch from the edge of the denuded 
surface should be passed deeply to but not through the vesical mucosa, 
making its exit opposite the corresponding point of entry. Usually 
five sutures for each inch of approximation are necessary. None of 
the sutures should be tied until all have been introduced, and in doing 
so the tissues should be firmly approximated, but not constricted. 
The bladder is now washed out for the purpose of removing small 
clots and to test the line of union. The vagina is lightly packed with 
iodoform .gauze, to be retained two days. 

The danger of constricting a ureter in all these operations for 
fistula must be constantly borne in mind. If a fistula is located where 
a ureter might be, or the close proximity of one is suspected, the 
sutures should not be passed so deeply as to endanger its constriction. 

' If the orifice of a ureter is associated with a vesicovagmal opening, 
the cloaca common to both is then denominated a ureteroveaieovaginal 
fistula, and should be treated accordingly. Constriction of a ureter 
is signalized by acute pain referred to the kidney, nausea and vomiting, 
and diminished urinaiy discharge. Immediate removal of the sutures 
is indicated. 

Hemorrhage into the bladder is another serious complication 
following fistula operations. The bladder may become so distended 
■with clot as to imperil the operative field, and fatal results from this 
accident have been reported. In some cases the sutures must be 
removed to secure the bleeding point. 

After-ireatment . — Continuous vesical drainage with a soft-rubber 
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catheter is necessary for at least four days. After the removal of the 
instrument the bladder should be catheterized every four hours for a 
week. Beginning on the third day, vaginal douches with a saturated 
solution of boric acid should be given twice daily for two or three weeks. 
The bowels should be moved daily. The sutures should be removed 
in fourteen days. 

Mobilization Operations for the Cure of Vesicovaginal Fistu- 
las. — The value of the principle underlying the flap-splitting and cleav- 
age procedures on the perineum and pelvic floor, and its extension to the 
anterior vaginal wall for the correction of colpocclc and cystocclc, 
have led to its adoption as an essential element in operations for the 
cure of vesicovaginal fistulas. The practical application of this prin- 



Fio. 141. — Vbhicovaqinal Fistula. 
Flap-flplittifig operation. CloBure of fistula 
with buried continuous suture of catgut with- 
out penetration of vesical mucous membrane. 


Fig. 142. — Fistula Closed. 
Approximation of vaginal flap with continuous 
suture of catgut. 


ciple in its various forms has brought the closure of otherwise intract- 
able fistulas of all grades, forms, and sizes, within the range of cura- 
bility, and has well-nigh relegated the pioneer work of Sims, 
Simon, and Emmet, and the numerous complex modifications of their 
denudation methods, to the rear in the evolutionary development of 
these operative procedures. Separation of the bladder from the vagina 
and uterus, as first proposed and practised by A. Mackenrodt in 1894 
embodies this principle. He thus secured the necessary laxity of 
vesical structure in the immediate vicinity of the fistula, together 
with the free mobility of the vesical base, to effect the firm closure of a 
fistulous tract of almost any size, without incurring the risk of failure 
from undue tension along the line of suture. In this connection it is 
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but juat to. apdd that all the recent contributions bearing upon this 
subject present nothing more than minor modifications of Macken- 
rodt’s operation, adapted to individual cases, and have but little to 
do with the success of the procedure in general. 

Figs. 141 and 142 (p. 451) illustrate a flap-splitting procedure 
for mobilizing the vesical waU in the case of a fistula of moderate size, 
with individual suture of the vesical and vaginal flaps with catgut, 
care being taken not to penetrate the vesical mucous membrane. 
By turning to Fig. 138 (p. 444) and to the description of anterior 
colporrhaphy (p. 442), the technic involved in the separation of the 
bladder from the vagina and the uterus and the possibility of its 
application to Mackenrodt’s operation for vesicovaginal fistulas of 
large size, may be the better understood. 

Mackenrodt’s Operation for the Core of Vesicovaginal Fistulas 
of Large Sze. — ^The anterior vaginal wall is fixed with two tenacula 
forceps, one catching the cervix, and the other the tissues, a half-inch 
below the urinary meatus. A straight incision is now made from one 
tenaculum forceps to the other (if considered necessary), across the 
fistula, down through the entire thickness of the vaginal wall to the 
connective-tissue layer between it and the bladder. The margin of 
the fistula is split all around, separating the vagina from the bladder. 
This is extended well out into the tissues and upward if necessary, 
separating the uterus and bladder to the vesico-uterine peritoneal 
fold, either by dissection with knife or scissors or by cleavage. Free 
mobility of the vesical wall is thus secured. The edges of the opening 
in the bladder are denuded, if necessary, and can now be brought 
together without tension with continuous or interrupted sutures of 
fine chromic catgut, care being taken not to penetrate the vesical 
mucous membrane. The vaginal flaps are next denuded of scar 
tissue and approximated with sutures, including the forward fixation 
of the body of the uterus, or the uterus may be used as a base for the 
tissues at the site of the previously existing fistula, and to help close 
a possible gap between the vaginal flaps. 

W. S. Stone, of New York, reports a case of w^krovesicovaginal 
fistula that illustrates the vride-spread application of Mackenrodt’s 
ideas (to whom he gives full credit) in the evolution of all the recent 
operative procedures adapted to individual cases. The patient, 
twenty-four years old, had sustained obstetric injuries of a grave 
character six weeks prior to the operation. A complete laceration 
of the perineum was so surrounded by cicatrices that the vaginal 
entrance w^ markedly contracted, making it exceedingly difficult 
to inspect its upper part. The cicatricial tissue extended into the 
vagina in different directions. The urethra was laid open its entire 
length, except for a small collar at the meatus. Continuous with 
‘ihis opening in the urethra was one which included practically the 
entire septum, between the vagina and bladder. It was so large that 
the bladder prolapsed through the opening; its mucosa was uniformly 
and intensely congested. The margin of the opening was inverted 
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and adherent to the vaginal wall, especially as the upper border mftd A 
it overlap the anterior surface of the cervix. With the patient in the 
Sims’ position, incisions were first made in the posterior sulci of the 
lower part of the va^na, in order effectively to expose the field of 
operation. The cervix was then grasped with the vulsellum and 
pulled down as far as possible. The inverted and adherent vesical 
mucosa was dissected away from the cervix, and by muking a trans- 
verse incision anterior to the cervix, as in the performance of hysterec- 
tomy, the upper part of the bladder was freed as far as the peritoneal 
juncture. By means of blunt dissection at the sides the entire upper 
portion of the bladder was thus freed, and by gradually working 
downward, the lower part was also separated from the edges of the 
fistula, care being taken not to injure the ureters, the openings of 
which could be readily seen. The upper and more movable part of 
the wall of the bladder was then brought down and sutured with 
interrupted chromic gut sutures to the lower and more fixed portion, 
the line of suture running mostly in a transverse direction, and effec- 
tually closing the bladder. The vaginal edges, although more movable 
than before the dissection, cotUd not t>e brought into apposition 
without tension, but by bringing down the uterus which had been 
made movable by the dissection and suturing the vaginal edges to 
the sides and end of the cervix, the opening was closed without ten- 
sion. The urethral mucosa was so thin and friable that no attempt 
was made to free it at the tom edge, but by an incision on either side 
through the vaginal wall, running parallel to and about one-half a 
centimeter from its edge, a fiap was made which, with the aid of a 
more movable flap around the bladder, covered in the urethra fairly 
well. Interrupted sutures of black silk were used in the vaginal wall. 
A soft-rubber catheter was kept in the bladder for three days, and 
the bladder was irrigated once a day with a boric-acid solution. The 
entire portion over the bladder healed by primary union, but a greater 
part of the urethra failed to unite. There was some power of retention, 
however, because the vesical neck was well covered. An operation, 
two weeks later, in which the dissection of the vaginal wall was more 
extensive, effectually closed in the urethra. One month later the 
perineum was repaired, when the function of the bladder was normal 
except for a slight frequency. 

After narrating a second case, Stone presented the following 
conclusions: “ 1. The basic principle in the repair of large fistulas 
is an extensive separation of the bladder-wall, especially of the upper 
part in front of the cervix, by means of which it is readily sutured to 
the more fixed lower portion. 2. The uterus, which has been made 
movable by the free dissection entailed in the separation of the 
bladder or by an additional incision posteriorly in some cases, is a 
most valuable supplement in fiUing up the opening in the vaginal 
wall. 3. With these principles appUed, it is a matter of little impor- 
tance what kind of suture material is used, or what relation the 
vesical and vaginal rature lines have to each other.” 
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Closure of a Vesico-uterine Fistula.— -Owing to the thickness of 
the uterine wall, this variety of fistula has a marked tendency to close 
spontaneously. In cases requiring operation one of four methods 
may be adopted: 

(1) The anterior cervical lip is split to the fistulous opening, the 
latter is denuded of its scar tissue, and the entire wound is then closed 
with sUver wire or silkworm-gut sutures. 

(2) A transverse incision is made throu^ the anterior vaginal 
fornix, as is done in vaginal hysterectomy; the bladder is separated 
from the cervix with knife or scissors, the dissection being carried 
across and well above the fistula, dividing it so as to leave a vesical 
and a uterine opening. The fiaccid condition of the liberated vesical 
wall favors closure of the vesical opening with fine silver wire or catgut, 
without tension. After paring its edges, the uterine opening is like- 
wise closed with catgut sutures. The operation is completed by 
reuniting the vaginal flap and cervix. 

(3) Ready access to the fistulous tract and free mobility of the 
vesical wall may be secured by liberating the base of the bladder 
from the vagina and cervix, as indicated under Mobilization Opera- 
tions for the Cure of Vesicovaginal Fistulas (p. 451) and Mackenrodt’s 
Operation (p. 452). 

(4) As a last resort in otherwise intractable cases, the fistula may 
be reached and closed through an abdominal incision. The uterus 
is drawn up with fixation forceps, the vesico-uterinc fold of peritoneum 
is incised, and the bladder and cervix separated by blunt dissection 
and with knife and scissors, passing through the fistula, thus forming 
a vesical and a uterine opening. After securing an aseptic field free 
from cicatricial tissue, both fistulous openings are closed with catgut 
sutures. The vesico-uterinc peritoneum is now reunited over the 
field of operation, and the abdomen is closed. A better plan, and one 
adapted to the cure of veaico-uterovaginal fistulas as well, is to carry 
the separation of the structures between the bladder and uterus through 
the fistula into the vagina. After suturing the vesical and uterine 
openings, a strip of iodoform gauze is introduced into the vagina 
from above, and packed between the uterus and. bladder. The. peri- 
toneum is now drawn over the gauze and field of operation, 
als previously indicated, and the abdomen is closed. In cases com- 
plicated by serious supravaginal disease with fixation of structure, in 
order to secure a proper exposure of the vesical opening for successful 
suturing, a complete hysterectomy may be necessary. After removing 
the uterus and appendages and closing the fistula, gauze is lightly 
packed between the bladder and the rectum. A running suture of 
catgut unites the peritoneum covering the rectum with that of the 
bladder and the remaining upper borders of the broad ligaments in 
such a manner as to turn all stumpi and raw surfaces toward the 
vagina, thus -completely separating the field of operation from the 
peritoneal cavity. The abdomen is now closed. In either case the 
gauze packing is removed from the vagina in four or five days, after 
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which a boric-acid douche is given twice daily for a period of two or 
more weeks. 

Closure of a Vesico-uterovaginal Fistula. — Fistulas of this variety 
present great variations in size, some barely admitting a uterine 
sound, while others may involve not only the cervix, but the greater 
portion of the vesicovaginal septum as well. A small fistula may 
close spontaneously, or complete closm'e may follow repeated applica- 
tions of nitrate of silver, but usu^y operative interference becomes 
necessary. Surgically, a fistula of this type may be closed in one of 
four ways: 

(1) In the ease of a small fistula of recent origin and without much 
scar tissue, a funnel-shaped denudation at the expense of the vaginal 
structure may be made, followed by closuro of the wound with sutures. 

(2) The anterior cervical lip may be utilized to close a compara- 
tively large fistula by denuding its inlges, continuous with a corre- 
sponding denudation of the edges of the fistula on the vaginal side. 
The raw surfaces arc now approximated with sutures as usual. Before 
tying the sutures, to minimize tension along the line of union it may 
become necessary to split the cervix bilaterally to secure elongation 
and mobility of its anterior segment. In cases with extensive destruc- 
tion of the anterior lip of the cervix, the posterior lip may be denuded 
and sutured to a vaginal denudation of the fistula, thus turning the 
cervical outlet, with subsequent discharges, from the uterine cavity 
into the bladder. For obvious reasons the latter procedure is not to 
be commended. 

(3) The uterus and bladder arc separated by a transverse incision 
through the anterior vaginal fornix, as indicated for vcsico-uterine 
fistula. The edges of the fistula are now denuded, the opening closed 
with catgut, and the vaginal vault restored by reattaching the vaginal 
flap to the cervix. 

(4) Sec Closure of a Vesico-uterine Fistula (3 and 4, above). 

Closure of a Ureterovesicovaginal Fistula. — One of several plans 

may be adopted: (1) Make an oval denudation, one-quarter to one- 
third of an inch wide, around a portion of undenuded mucous 
membrane, the center of which is occupied by the fistula. The de- 
nuded surfaces are now united by sutures, thus turning the ureteral 
orifice into the bladder. (2) Locate the ureteral orifice, then split 
the ureter on the vesical side to the extent of a half-inch, allowing the 
edges to heal separately, so as to place the orifice further back into 
the bladder. T^ may likewise be accomplished by Dudley’s clamp 
operation (p. 456). Either of these procedures eliminates the ureteral 
orifice as a complication of the fistulous opening, and reduces the 
condition to a vesicovaginal fistula that may be treated accordin^y 
(p. 449). 

Closure of a Ureterovaginal. Fistula* — ^The tedious and uncertain 
plan of first dissecting the ureter out of the scar tissue and then im- 
plantmg it into the bladder has been superseded by more expedi- 
tious and better nietiiods. It is still generally hdd, however, that 
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in operations for the cure of this variety of fistula the ureteral opening 
must first be located so that its communication with the bladder may 
be successfully reestablished. Most surgeons of the present day 
advocate, as a first step, a colpocystotomy at or near the ureterM 
opening, i. e., the conversion of a ureterovaginal fistula into a uretero- 
vesicovaginal fistula, and then treating the resulting condition as 
though it had existed originally. 

In Sehede’s operation the vesicd fistula is made near the ureteral 
orifice, the vaginal and vesical mucous membranes along its edges 
being united by sutures. A denudation is now made, encircling both 
fistulous openings, and this is united so that the fistulous tracts, 
surrounded by an island of the vaginal mucous membrane, are turned 
into the bladder. 

DvMey’e clamp operation is especially adapted to cases where 
the distance and the amount of tissue between the bladder and ureter 
are so great that its division with knife or scissors would entail the 
risk of uncontrollable hemorrhage or excessive cicatricial contraction. 
These objections are met by clamping the ureter into close contact 
with the bladder. The operation is performed as follows: The 
ureteral orifice is located, a colpocystotomy is now done, so as to 
include, if possible, the ureteral opening in the incision, and thus 
create a vreterovesicovaginal fistula. In order to control hemorrhage, 
the bladder and vaginal mucous membranes bordering the fistula 
thus created are united by sutures. A long hemostat with slender 
blades is next passed through the vesicovaginal fistula, one blade 
entering the ureter and the other the bladder. The forceps, upon being 
locked, includes the bladder-wall, the ureter wall, and the intervening 
connective tissue. The hemostat becomes detached by pressure 
necrosis in three or four days, leaving a ureterovesical opening at 
some distance from the existing vesicovaginal fistula, which is closed 
later. 

Closure of a Ureterovaginal Fistula Following H]rsterectomy. — 

For obvious reasons, locating a ureterovaginal fistula is not an easy 
task, as a rule, and the search for the ureteral orifice may consume 
more time than the operation for its closure after it has been found. 
In an operation witnessed recently for the cure of a ureterovaginal 
fistula following a complete hysterectomy the exact position of the 
ureteral opening was neither located nor was it even looked for. 
That the fistula was situated somewhere in the cicatrix was taken for 
granted. The operation was performed by Dr. E. E. Montgomery 
os follows: The scar was encircled by an incision a half-inch below' 
the summit of the vaginal vault. A peripheral flap following the line 
of this incision was now dissected down about a half-inch in width. 
Guided by a Pratt’s bougie introduced through the urethra, the 
veqical wall was pushed into the raw surface bordering the undenuded 
central area anteriorly, and was then incised transversely to the 
extent of a half to three-quarters of an inch. The edge of the anterior 
vesical flap was drawn into view with a hemostat. Chromic catgut 
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sutures were now introduced into the flap from below upward, care- 
fully avoiding penetration of the vesical mucous membrane. These 
same sutures were then carried from above downward through the 
denuded surface on the posterior wall of the vagina, so that, when 
tied, the vesical mucous membrane was continuous with the unde- 
nuded central area, thus making the latter, with the ureteral opening, 
a part of the interior of the bladder. Especial care was exercised in 
closing the angles of the opening. After testing the line of suture by 
vesical distention with sterile salt solution, the vaginal flaps were 
united transversely with a continuous chromic catgut suture. Hem- 
orrhage during the operation was controlled by repeatedly infiltrating 
the tissues with adrenalin solution 1: 3000. Upon the completion of 
the operation a self-retaining soft catheter was introduced. This 
was removed in three days, after which the patient was catheterized 
every four hours for a week longer. The patient made an uninter- 
rupted recovery, and was one of three other cases of a similar character 
upon whom the same type of operation had been successfully per- 
formed within a period of two years. 

Kolpocleisis. — The only operative alternative for coses of other- 
wise intractable veaieovaginalfistidaa is closure of the vagina. Kol- 
pocleisis is performed by removing a wide strip of tissue from the 
circumference of the vulvovaginal outlet, and uniting the denuded 
surfaces with interrupted sutures. This converts the bladder and 
vagina into a common cavity for the urine, menstrual blood, and 
other uterine secretions, to be discharged at intervals from the urethra. 
Owing to the stagnation and infection of accumulated discharges and 
the tendency to the formation of inaccessible calculi, resulting in 
complications far more seriuos than the original condition, this 
operation has been and still is generally condemned by surgeons. 
While the deliberate removal of the urethra and the establishment 
of a rectovaginal fistula combined with closure of the vaginal orifice 
in these cases may be objectionable on theoretic grounds, its practical 
value following an operation of necessity, has been demonstrated 
in the following case: In 1873 (thirty-six years ago) Mrs. D., 
then thirty-five years old, came under the care of Dr. W. W. Keen. 
She had two large vesical openings (separated by a slight bridge of 
tissue) involving the posterior part of the urethra, the floor of the 
bladder up to the uterus, and one rectal opening an inch in diameter, 
one and a half inches above the anus, all the result of gangrene and 
sloughing incident to a severe attack of t 3 rphoid fever. Within a 
period of two years and nine months fourteen unsuccessful attempts 
were made by Drs. Grove and Keen to close the fistulous tracts, but 
at the fifteenth operation (1876) Dr. Keen gave up the attempt, 
excised the urethra, and closed the entire vulvar aperture. The 
operation proved a complete success. Subsequently, she necessarily 
menstruated, defecated, and micturated entirdy by the rectum. 
She has rwely been obliged to empty the rectum oftener than twice 
at night and five or tqx times during the day. She passed the meno- 
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pause eleven years after the elosure of the vagina. Her subsequent 
history was briefly summed up by Dr. Keen in 1898 in his work on 
“The Surgical Complications of Typhoid Fever” in these words: 
“It is an encouraging fact that in any case requiring similar treatment 
the later history shows that for twenty-one years she has only twice 
had the least trouble, once from a small calculus forming in the vagina, 
and once from a small abscess forming in the cicatrix, which abscess 
spontaneously closed. Instead of being a constant source of disgust 
to herself and everybody about her, a hospital patient dependent upon 
charity, and a Pariah cut off from all society, she has been enabled 
to become self-supporting as a nurse, and to enter freely into her 
wonted social relations.” This patient was admitted to the Jefferson 
Hospital March 9, 1909, complaining that during the previous two 
months she had suffered from an occasional slight leakage of urine. 
A fistulous opening hardly larger than a pin-point near the center 
of the vulvar cicatrix was discovered. A small abscess developed 
near this, and discharged through the opening. Two weeks later the 
parts were almost completely cicatrized, but there is still a small 
fistulous opening that may require surgical attention. With the 
exception of a similar experience a few years ago at which the fistulous 
tract had to be closed by operation, she has suffered no annoyances 
of rectum, bladder, or vagina during thirty-Oiree years. The recto- 
vaginal opening still admits the tip of the finger. 

Fecal Fistulas. — Fecal fistulas peculiar to the female are openings 
between some part of the intestinal tract and the genital canal. 

Classification. — 1. 'Rectovaginal. 2. Kectoperineal. 3. Entero- 
vaginal. 

Etiology. — A rectovagined fistula is an opening between the vagina 
and rectum. The lesion is most frequently caused by malignant or 
syphilitic ulceration, but in rare instances may be due to obstetric 
or accidental traumatisms, or to pressure necrosis of a retained 
foreign body. Rectoperineol fistulas are abnormal openings that 
begin in the rectum and open on the surface of the perineum. They 
usually result from an imperfect union of the tissues after an operation 
for the repair of a complete laceration of the perineum and recto- 
vaginal septum. A fistulous tract connecting the rectum and one 
of' the labia generally is caused by burrowing abscess formations. In 
enteromginal fistulas some part of the small intestine communicates 
with the vault of the vagina, generally the result of a suppurative 
process within the lower portion of the peritoneal cavity, or following 
pelvic operations (with vaginal drainage) involving the small intestine, 
either accidentally or otherwise. 

Diagnosis. — Discharges of fecal material and the escape of gas are 
characteristic symptoms of all fecal fistulas. A rectovaginal fistula 
may vary in size from an opening admitting a small probe to that of 
one involving the loss of a large portion of the rectovaginal septum. 
It may be located by touch or sight, aided by the use of a speculum, 
a probe, or by injecting, a color^ fluid into the rectum, when this 
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will be detected escaping into the vagina through the fistulous tract. 
The direction of a rectoperineal fistula may be determined by the use 
of a probe. An enterovaginal fistula is usually diagnosed from the 
history of the case and its location in the vault of the vagina. 

Prognosis. — A rectovaginal fistula of cancerous origin is incurable. 
An operation upon a fistula, the result of syphilitic or tuberculous 
ulceration, generally fails udess preceded by appropriate constitu- 
tional treatment. Fistulas following pressure necrosis, inflammatory 
processes, or those resulting from previous pelvic operations or 
operations on the perineum usually result favorably after proper 
surgical measures. 

Treatment. — The preparation of the patient is the same as for 
operations on the perineum for complete lacerations (pp. 426, 427). In 
all cases after the patient has been anesthetized the sphincter ani muscle 
should be thoroughly stretched. The same general principles under- 
lying operations for the cure of vesicovaginal fistulas are likewise 
applicable to the treatment of rectovaginal fistulas (p. 449 et seq.). In 
denudation operations the dissection must always be made at the 
expense of the vaginal tissues. In order to secure proper mobilization 
of structure, the rectovaginal septum may be split as in operations 
for urinary fistulas. Firm coaptation without tension with sutures 
introduced so as to extend to, but not through, the rectal mucosa is 
the secret of success in all these operations. A rectoperineal fistula 
usually requires complete division of the perineum through the 
sphincter ani, following the course of the fistula to its termination in 
the rectum, with resection of the fistulous tract and subsequent 
closure of the wound, as indicated for recent cases of complete lacera- 
tion of the perineum. An enterovaginal fistula may bcr treated 
by cauterization or by denudation and suture. Usually its closure 
through an abdominal operation becomes necessary. The after- 
treatment in all these cases is the same as for operations on com- 
plete lacerations of the perineum. 
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Surgery of the Uterus. Broad Xjgasiients. and Fallo* 

piAN Tubes. 

By E. E. Montgoubry, M.D., 

PHILADELPHIA. 

Inflammation of the Uterus. — Any portion of the uterus may 
be the seat of inflammation. The process may predominate in the 
cervix or in the body; it may be conflned to the lining membrane, or 
extend to the parenchymatous tissue and even to the enveloping 
structure — the peritoneum. 

In the effort to designate the various forms of inflammation, 
classifications have been based on the etiology, the clinical phenomena, 
and the pathologic changes. 

From the etiologic side, the proper division would seem to be into 
the conditions which result from the action of microorganisms and 
those disorders independent of their influence. Unfortunately, our 
knowledge of the ultimate influence of the microorganisms is insuffi- 
cient to enable us to definitely define their relation to the existing 
inflammatory process, nor, on the other hand, can it be asserted that 
inflammation of the uterus ever exists absolutely independent of 
bacterial origin. 

In the present state of our knowledge I prefer to make the classi- 
fication from the pathologic changes, as affording the nearest approxi- 
mation to a definite basis. This classification comprises a division 
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into acute and chronic inflammation, and the latter is subdivided 
into endocervicitis, endometritis, and metritis. Chronic endometritis 
is still further divided into the glandular, interstitial, and mixed 
varieties. Acute endometritis involves both the body and the 
cervix. 

Acute inflammation of the uterus is not confined to the endo- 
metrium, but rapidly extends to the entire organ. It may occur in 
either the puerperal or the non-puerperal uterus, though much less 
frequent and severe in the latter. In all cases acute inflammation 
is the result of infection. In the non-puerperal cases it is induced 
by gonorrhea or is the result of trauma from exploratory operative 
procedures, and occasionally is an exacerbation of a chronic condition. 

The acute condition is most frequently the result of infection 
incident to the evacuation of the contents of the pregnant uterus, 
either at term or during the course of gestation. The infection is 
promoted by prolonged labor, during which the tissues undergo exten- 
sive bruising or laceration; by want of skill and cleanliness in the 
employment of manual and instrumental procedures; by the retention 
of clots, portions of placenta or decidua following labor or abortion; 
by the existence of septic germs in the genital canal prior to the 
delivery, or by their introduction during its progress or during con- 
valescence. 

The original site of the infection is the degenerated mucosa, the 
clots plugging the uterine anuses, the former situation of the placenta 
and retained portions of the placenta and decidua. The structures 
become greatly swollen, with alterations in all the tissue elements. 
The glands are distended by increased secretion and the proliferation 
of their epithelium. Round-cell infiltration with subsequent degen- 
eration and destruction of the cell elements occurs. The blood-vessels 
become engorged and thrombosed, and the inflammatory invasion 
may terminate in abscess formations in either the wall or the sinuses 
or Wh. The collections of pus, at first localized and small, increase 
in size, break down the intervening partitions, and form large abscesses, 
frequently causing the destruction of the greater part of the affected 
organ. The virulence of the condition and the gravity of the case 
will depend on the character of the infection. The principal forms 
are the saprophytic, the gonorrheal, and the septic. The former 
is associated with the retention of blood-clots or portions of the 
placenta or the decidua which undergo putrefaction, with the subse- 
quent absorption of the toxins, the products of decomposition. The 
septic process is much more frequent, and generally engenders a 
primary disorder by the entrance of the pathogenic germs through 
fracture of the uterus, cervix, vagina, or vulva. Not infrequently 
it may be superimposed on the saprophytic invasion. A previously 
existing gonorrhea may be the cause of a fulminating inflammation 
which may be difficult to differentiate from septicemia, and may 
afford the favorable soil for the development of a virulent attack of 
the latter. 
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Symptoms and Signs . — ^The iafection from saprophytes develops 
in from three or four to ten days following delivery, and is rather 
sudden in its onset, with a marked elevation of temperature and 
repeated chills. The temperature varies from 102° to 105° F.; 1 have 
seen it 106° F. The lochia is either absent or excessively offensive. 
Manipulation over the uterus may cause expulsion of a large offensive 
clot, following which the patient will improve, or she may have 
profuse bleeding. Digital exploration of the cavity of the uterus 
in such conditions reveals the presence of decomposing masses, and 
discloses evidence of their decomposition. The septic proce^ develops 
more insidiously and occurs earlier. The symptoms induced by 
septicemia will depend on the condition of the patient, the character 
and virulence of the infection, and the time of its introduction. 
Very shortly, or within two or three days, after the delivery, the 
patient will betray an elevation of temperature which will gradually 
increase with morning and evening variations Pain and tenderness 
in the lower abdomen are recognized and may become so marked as 
to confine her to the dorsal position, with the limbs drawn up. The 
bladder will frequently become greatly distended. The pulse is 
rapid — ^from 110 to 140 — and wiry, the respirations frequent, and the 
temperature may vary from 101° to 107° F. When the parenchyma 
of the uterus is the seat of the disease, that organ is large, boggy, 
swollen, and somewhat tender, but will permit of careful palpation; 
but when the peritoneum becomes involved, the patient is sensitive, 
even to the pressure of the bed-clothes, and will resent the most 
careful palpation. The lochia may be suppressed, thin, and watery, 
or very profuse and sanguinopurulent. The discharge may be free 
from odor or have a stale, sickening smell. The cervix, vagina, and 
the external genitalia may appear normal or swollen, covered with a 
diphtheric exudate or with thick, glairy mucus. Lacerations of all 
these parts may present avenues for the entrance of the infection. 
The cervix may be lacerated and enlarged, the entire uterus swollen, 
edematous, and tender to pressure. 

The progress of the disease will depend on the virulence of the 
poison and the resistance of the patient. In some the disease becomes 
localized as an abscess in the wall of the uterus, the tube, or the 
ovary; in others the infection rapidly passes into the circulation, 
producing systemic infection. A persistent high temperature, a 
pulse-rate continually above 130, and the absence of focalization may 
be regarded as presenting an unfavorable prognosis. Even should the 
serious symptoms subside and the condition of the patient apparently 
improve, while the pulse-rate persists at or above 130 the patient 
cannot be regarded as out of danger. The infective process, which 
has had its ori^n in the uterus, may extend to the tubes, the ovaries, 
the pelvic peritoneum, the peri-uterine cellular tissue, or to any of the 
vefns, producing a septic phlebitis, known as milk-leg, when the 
femoral or saphenous veins are the vessels involved. The infection 
may invade the lymphatics, becoming a lymphancptis. 
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Diagnosis.— Tha early recognition of the form of the infection is 
of the greatest importance. The sudden development of grave symp- 
toms after delivery in a patient who was apparently doing well, asso- 
ciated with the presence of offensive lochia, is presumptive evidence 
of saprophytic infection, which is confirmed by the digital discovery 
of decomposing clots or portions of placenta or decidua. The rapid 
improvement of the symptoms, with the removal of the offensive 
material, makes an absolute demonstration. With septicemia the 
onset is more insidious, and occurs at an earlier date, unless the 
implantation of the infection takes place late. An elevated tempera- 
ture following labor or abortion should be regarded as a danger-signal 
demanding careful investigation. The condition of the breasts should 
receive consideration. The possibility of typhoid or malarial infection 
should be eliminated by blood examinations, and the presence of 
other toxic conditions should be excluded. When any complication 
of the puerperium was regarded under the generic term of “puerperal 
fever,” the attendant was spared much exertion in differentiating the 
condition, but with our present advantages he must know the infection 
with which he is dealing, and thus be the better prepared to meet the 
foe. The course above indicated permits him to reach the diagnosis 
of septicemia by exclusion, but it is still important that he should 
recognize the earliest manifestations of localization. A large, boggy, 
more or less swollen uterus indicates the presence of metritis; peri- 
metritis or pelvic peritonitis will cause marked tenderness over the 
surface of the uterus and the lower abdomen. The patient will suffer 
severe pain, present an expression of anxiety, have a very frequent, 
wiry pulse, a high, sometimes low, and occasionally even a subnormal, 
temperature, the latter being a symptom of great danger. Phlebitis 
will be indicated by pain over the veins affected — generally, the 
femoral and saphenous. Lymphatic involvement is generally asso- 
ciated with inflammation of the cellular tissue, — ^pelvic cellulitis or 
parametritis, — and is frequently indicated by pain and tenderness 
over the inguinal and lumbar regions. Not infrequently septicemia 
undergoes a rapidly fatal course, without apparent or perceptible 
local manifestations. 

Prognosis . — ^The saprophytic infection affords the most favorable 
outlook, but it should not be forgotten that it also presents a favorable 
soil for the introduction of the more dangerous pathogenic micro- 
organisms. When uncontaminated, the removal of the putrid prod- 
ucts is quickly followed by a subsidence of all the pave symptoms 
and rapid convalescence of the patient. Septic infection is the 
gravest of disorders, fraught with danger to life, and when the patient 
escapes, it is often with her organs crippled as to subsequent function, 
or so diseased as to require their future sacrifice. 

Treatment . — ^The most effective treatment is the prophyl^tic; 
hence the nearer the accurate methods of the surgeon can be imitated 
in the management of the obstetric patient, the less the danger. 
Variations from the normal course of the puerperium should demand 
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immediate investigation as to the cause, the removal of any decom- 
posing products from the genital cmial, with careful cleansing of the 
affected surfaces and the employment of measures to maintain subse- 
quent drainage. These are the cases in which the curette and packing 
the cavity with iodoform gauze will be efficient. In septicemia, on 
the contrary, the disease is so far advanced when the attendant awakes 
to its importance that the employment of the curette is of doubtful 
expediency. The infection has already passed beyond the superficial 
structures affected by the curette, and it is better to secure absolute 
rest, regulate the bowels, give a generous, readily digested diet, main- 
tain cleanliness, promote elimination, and watch for local manifesta- 
tions. The external application of the ice-bag and the continuous 
slow irrigation of the rectum are two measures always worthy of 
consideration. Early involvement of the peritoneum should be met 
by curetting, cleansing, and packing the uterus, and an incision 
through the posterior vaginal fornix, which should be drained with 
iodoform gauze, and the patient placed in the Fowler position ( Vol. Ill, 
p. 707), with the Murphy treatment of continuous rectal irrigation 
(Vol. Ill, p. 775). Collections of pus, when accessible, should be 
evacuated through the vagina, as nature’s barriers are thus regarded, 
and the danger of the spread of infection lessened. The recognition 
of purulent destruction of the uterine walls should be considered an 

indication for hysterectomy. The re- 



tention of such an organ is fraught 
with danger. 

Endocervicitis (Chronic Cervical 
Catarrh). — Endometritis of the cer- 
vix affects not only the canal, but 
the entire structure below the inter- 
nal os. The character of the disease 
varies greatly in the unmarried or 
the nulliparous and the woman who 
has borne children. In the former, 
decided small-cell infiltration occurs. 


Fio. 143 . — Erosion with Papillary 
Hypbbtbopht. 


the capillaries become dilated, some- 
times to such an extent as to re- 


semble hemorrhoids. The squamous 
cell epithelium often becomes infiltrated with leukocytes and under- 
goes hypertrophy from the increased blood-supply. The papillse 
become enlarged, are covered with a single layer of epithelium, 
which permits the red color to be displayed and gives the appear- 
ance of an erosion. This is generally regarded as a simple ero- 
sion, and is usually confined to the squamous epithelium of the 
cervix. In the multiparous, the cervix has undergone more or less 
laceration, which often permits the lips to be widely separated. The 
mucous membrane is everted, and presents an irregular granular 
appearance; which extends beyond the os. This condition was 
formerly regarded as ulceration, but microscopic examination dis- 
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closes the apparently denuded surface, covered with epithelium. 
The continually engorged condition leads to eversion of the mucous 
membrane, eventually to obstruction of the glands of the cervix, 
and an accumulation of their secretion within well-defined cysts. 
The cystic degeneration of a large number of the glands causes the 
cervix to be apparently made of cysts which penetrate its entire 
structure (Fig. 144). Such cysts are known as retention cysts, or 
ovules of Naboth. They may encircle the external os, or may have 
pushed into the structure of the cervix at some distance from the os. 



Fio. 144.— Extbnhive Cystic DEaeNBRATiON op the Cekvix. (Montgomery.) 
a. Glands dilated with seemtion ; b, large nodule formed by union of many glands and distended 

with fluid. 

They are generally filled with the secretion of the glands, but may 
become infected and form small abscesses. The increased glandular 
secretion and the transudation from the denuded surface cause a very 
profuse leukorrheal discharge. Not infrequently a hyperplasia of 
the cervix occurs, which greatly increases its size. In the nulliparous 
the cervix forms a rounded mass, and hence becomes enlarged in every 
direction, or it may become so elongated as to resemble prolapsus, 
and is known as pseudoprolapsus. Where a cervix has been pre- 
viously lacerated, this hyperplasia causes the lips to be widely everted 
and to become fixed. The surface is covered with distended cysts, 

. VOL. v— 30 
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recognized as pea-like masses under the finger. They form abscesses 
or rupture, and, with the .proliferating epithelium, present a raw 
surface often difficult to differentiate from epithelioma of the cervix. 
A large cyst may be formed by the absorption of the intervening walls 
when the cysts are in close relation. Puncture of a cyst permits the 
discharge of a thick, viscid fluid, rich in corpuscles. Endocervicitis 
is the result of extension of inflammation by way of the body of the 
organ, the vagina, or the vulva. The provoking causes arc excessive 
coition, lacerations, injuries from instrumental and digital examina- 
tion and from gonorrheal and septic infection. 

Symptoms and Signs. — Leukorrhea, pain in the back and down 
the legs, increased on standing and walking, irregular menstruation, 
and sterility are the principal symptoms, of which leukorrhea is the 
most important. The discharge from the glands is thick, viscid, and 
transparent, white when mixed with mucus-corpuscles, and yellowish 
from pus-corpuscles. It is sometimes tinged with blood. Men- 
struation is generally irregular, the quantity of the How being increased. 
Sterility is frequently observed. In the childless woman the cervix 
is puffy and large, the os soft and velvety and eroded or hard, covered 
with pea-like nodules, polypoid projections, or cystic masses. The 
08 may be gaping, allowing the finger to penetrate nearly to the 
internal os. The lips may vary in- size, the one having undergone 
involution, the other hyperplasia. The conditions recognized by the 
digital examination can be observed also by the employment of the 
speculum. The Sims speculum is preferable, as it causes less dis- 
placement and permits of more thorough inspection. The nulliparous 
os will be filled with a plug of tenacious mucus and present a patch, 
especially over the posterior lip, of excoriated tissue which has lost 
its superficial layers of epithelium. The multiparous cervix is fre- 
quently lacerated, and the angles of the tear often so filled with indu- 
rated, cicatricial tissue that the lesion escapes the observation of 
the careless observer. 

Diagnosis . — A plug of mucus so viscid and tenacious that it can 
be removed with ffifficulty fills the cervical canal when exposed with 
the speculum, and differentiates endocervicitis from vaginitis. The 
distended glands can be evacuated by puncture. The differentiation 
from endometritis is often especially uncertain; indeed, it may be 
difficult to say that the two conditions do not always coexist to a 
greater or le^ degree. The enlarged, thickened, and indurated cervix 
would indicate it as the seat of the disease. The glandular degenera- 
tion of the cervix is sometimes regarded as carcinoma, but the abs^ce 
of infiltration and the more general and uniform hypertrophy, the 
greater consistency, and the absence of friability are sufficient to render 
the diagnosis certain. In malignant disease the cervix is hard in 
points as a result of the localized infiltrate. As the disease advances 
the harden^ surface presents an excavated ulcer with infiltrated 
edges. The tissue will be friable and easily broken down, while the 
base will be firm and hard. When there is any doubt as to the diag- 
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nosis, a test excision should be made and the excised tissue subjected 
to microscopic examination. 

TreatmeiU . — ^The most important consideration from the surgical 
standpoint is to establish ample drainage. Where the os is small or 
pin-hole in size, not infrequently the cervical cavity will be found 
^stended and full of thick, viscid mucus. The dilatation or stretch- 
ing of such an os will be followed by recontraction. The better pro- 
cedure is to incise it crucially and remove the intervening flaps, after 
which the mucous membrane lining the canal is sutured to that of the 
portio vaginalis. Distended Nabothian follicles should be punctured, 
and the cavities painted with tincture of iodin, or a solution of iodin 
crystals in carbolic acid. A lacerated cervix with evertesd and 
thickened mucosa calls for amputation, and the preferable procedure 
is the sin^e-flap operation of SchrSder (p. 478). 

Chronic endometritis is applied to an inflammation of the lining 
membrane of the body of the uterus. Huge divides it into the 
glandular, interstitial, and mixed, according to the portion of the 
mucous membrane affected. In each variety the entire structure of 
the membrane is more' or less affected. As the membrane becomes 
thickened, the glands become elongated, bent, tortuous, and dilated, 
the cell structure swollen and proliferated, and I'cscmblcs the decidua. 
The vessels are dilated and distended. The mucous membrane is 
frequently several times its normal thickness. In some the membrane 
is full of the distended glands; in others, of distended blood-vessels, 
and a third variety in which there is a large amount of embryonic 
tissue, but few vessels and scarcely a trace of glands. With the 
conditions mentioned there are three kinds of discharge — the Icukor- 
rheal, the sanguinolent, and the mucopurulent. Portions may 
project as polypoid masses of glandular or vascular tissue from the 
surface of the membrane. In some cases the hypeiplasia of the 
mucosa results in the exfoliation of the surface; of the membrane, 
cither in shreds or as a more or less exact cast of the cavity of the 
uterus. The condition is known as endometritis exfoliativa, or 
membranous dysmenorrhea; better, perhaps, as menstrual decidua. 

Symptoms . — Endometritis follows abortion or labor as the result 
of a mfld infection, and not infrequently gonorrhea in the non-puer- 
peral. It occurs more frequently in the multiparous, and is more 
common in the later days of the menstrual life. The nulliparous 
are not exempt, and it may occur in the 'virgin, when it is known as 
'virginal endometritis. This is generally associated with stenosis or 
narrowing of the external os. An accumulation of secretion which 
often decomposes and becomes exceedingly offensive is not infre- 
quently seen in women late in life, several years after the climacteric, 
and is known as senile endometritis. This collection is not infre- 
quently discharged into the vagina, and, from its extremely offensive 
odor, is often regarded as evidence of the presence of cancer in the 
body of the uterus. The characteristic symptoms of endometritis 
are leukorrhea and menorrhagia. The discharge from the body is 



468 BVRQEBT OF THE FEMALE GENITO-UBINABY OBGAHS. 

thin and watery, and much leas tenacious than that from the cervix. 
The character of the discharge will depend on the variety of the 
inflammation present. In the glandular it is thin and clear, or white 
from desquamated epithelium, yellow from admixture of pus^clls, 
or tinged with blood. In the interstitial variety the discharge is slight, 
often so tinged with blood that the patient imagines herself con- 
tinuously sick, and the menstrual flow is apt to be prolonged and 
extremely profuse, frequently amounting to hemorrhage. In the 
mixed form, both the hemorrhage and the leukorrhea are marked 
symptoms. In all forms the discharge may be more or less continuous, 
or may be retained and then be discharged in quantity. This symp- 
tom characterizes the cases complicated by retrodisplacements of 
the uterus, or those in which the canal is contracted, and the organ 
has to go into labor to evacuate its contents. Dysmenorrhea is not 
a constant symptom of endometritis, except in cases with narrowed 
canal, or where there is a desquamation of the epithelium as a more 
or less well-marked cast of the uterine cavity. That the existence of 
endometritis is a hindrance to conception is evident from the fre- 
quency with which pregnancy occurs after the organ is curetted. Its 
existence prevents the proper preparation of the endometrium for 
the reception and nutntion of the fecundated ovum, hence the greater 
frequency of abortion. 

Diagnosis , — ^Thc more or less continuous leukorrhea, the prolonged 
menstruation, and the enlarged uterus following a histoiy of abortion 
or prolonged convalescence after labor render the diagnosis certain. 
The examination of the curetted tissue is of great value. It exhibits 
marked small-ccU infiltration, with absence of glandular hyperplasia, 
or extensive glandular hyperplasia with proliferation of the glandular 
epithelium. The cells of the epithelium lose their original cylindric 
shape, become granular and enlarged, and resemble the decidua ceils. 
The long-continued irritation of the disease predisposes to the develop- 
ment of malignant degeneration. The senile form, with its offensive 
discharge, is frequently mistaken for caremoma, but a careful exami- 
nation reveals perfectly smooth, walls, with no sign of infiltration. 
Where the treatment of the condition is neglected, the inflammation 
penetrates to the subjacent layers, causing metritis, or may involve 
the tubes, causing salpingitis, or the peritoneum, causing inflammatory 
deposits about the ovaries and the orifices of the tubes. Neglect 
nuiy be productive of salpingitis, cellulitis, odphoritis, peritonitis, 
the formation of abscesses, the destruction of organs, and not infre- 
quently loss of life. 

Treatment.— Prophylaxis is the most important consideration, 
and will demand rigid asepsis during labor and in gynecologic exami- 
nations. The occurrence of hemorrhage, offensive lochia, or elevation 
oS temperature should be considered as an indication for careful 
investigatiqn. Lacerations of the cervix should receive early atten- 
tion. The early employment of the curette should be regarded as 
indispensable. The latter ^uld be supplemented by intra-abdominal' 
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methods where the inflammation has passed beyond the uterine 
cavity to the deeper pelvic structures. These cases are frequently 
subjected to intra-uterine treatment, but it should be employed only 
after ample drainage of the canal has been secured. To attempt the 
application of remedies through a small canal is but adding insult to 
injury, and is inviting the development of worse conditions than that 
for wUch the treatment is instituted. The inflamed uterine canal 
is similar to a sinus — ^unless it is freed from the irritating discharges, 
the disorder is aggravated. In the senile variety the indication of 
first importance is free drainage. This alone is sufficient to establish 
a cure, and may be secured by the insertion of a hard-rubber or glass 
drainage-tube, as suggested by Wylie. The recovery is expedited 
by occasional irrigation with an antiseptic solution. 

Chronic metritis is an inflammation of the muscular structure of 
the uterus, and, to a more or less marked degree, associated with 
endometritis. '\^en long continued, there is a great increase of the 
connective tissue, the uterus is hypertrophied, and in the later stages 
firm and hard. The condition is quite analogous to the changes the 
liver undergoes in cirrhosis. An effort is made by some English author- 
ities to distinguish between it and subinvolution, but they are only 
different stages in the same process. In the early stage the organ 
will be flabby and soft, but with the increase of the connective tissue 
it becomes as firm as a mature fibroid growth. The organ is uni- 
formly increased in size. 

Etiology . — Chronic metritis is ascribed to two classes of causes — 
the predisposing and the exciting. The former is subdivided into — 
(a) those which interfere with the normal involution of the uterus, 
and (6) those produced by repeated and protracted congestion. To 
the first class belongs retention within the uterus of portions of the 
placenta, decidua, or blood-clots; lacerations of the cervix and pelvic 
floor; pelvic inflammations; non-lactation; too short convalescence 
following delivery and repeated abortions. To the second class 
belong displacements, malformations, congenital anteflexion, the 
presence of tumors in or near the uterus, improper clothing, exposure 
to cold, and masturbation. The exciting cause is the existence and 
action of microdrganisms. 

Symptoms . — ^The patient will frequently attribute the condition 
to a previous labor or to repeated abortions. There are no charac- 
teristic symptoms, but the same symptoms are present as are common 
to cancer, myomata, displacements, and other local disorders. The 
patient complains of weakness, want of interest in anything outside 
herself, and disinclination to exertion. Standing and walking are 
irksome, from the sensation of weight and pressure and the feeling 
that her viscera are about to be extruded. There are points of anes- 
thesia over the surface of the thi^, and frequently’ partial loss of 
power of the lower extremities. I have seen tte. patient present the 
symptoms of locomotor ataxia, which entirely disappeared after the 
relid of the irritatiom Painful contraction of the uterus, irritable 
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bladder, constipation, loss of pleasurable sensation during coition, 
pricking of the eyes, weak sight, photophobia, coronal headache, 
occipit^ pain, disturbance of the menstruation, as dysmenorrhea, 
amenorrhea, menorrhagia, and irregular bleeding are among the 
train of symptoms ascribed to this disorder. The patient becomes 
pale and weak, has frequent attacks of palpitation, and is often 
greatly depressed. Neurasthenia, hysteria, epilepsy, and acute mania 
are not infrequently developed and generally aggravated by this con- 
dition. I 

Signs and Diagnosis . — The uterus is uniformly enlarged, soft, and 
pliable in the early stages, hard, dense, and firm in the later. It may 
retain its normal position or undergo some form of displacement, be 
freely movable, or fixed by inflammatory exudate. The conditions 
with which chronic metritis are most likely to be confused are preg- 
nancy, carcinoma of the uterine body, small interstitial or dubtnucous 
fibroids, and disease of the rectum. Pregnancy in its early stages 
will be characterized by arrest of menstruation and an increased 
discharge; the body of the uterus is comparatively so much greater 
than the cervix as to give an impression of a jug-shaped enlargement; 
the body is not resistant, and the cervix is soft. Cancer in the 
majority of cases involves the cervix; where the body is involved, the 
organ presents points of hardness as a result of the infiltrate, rather 
than uniform hardness. In some cases it may be necessary to dilate 
the uterus with tents to permit the digital exploration of the cavity 
and the employment of the curette, and the microscopic investigation 
of the scrapings in order to insure the diagnosis. Small interstitial 
and submucous fibroids in a large uterus are difficult to differentiate 
from the chronically inflamed organ. Where the abdominal walls 
are thin and the patient relaxes her muscles, the limited area of 
resistance favors the recognition of the growth. When the metritis 
is complicated by pelvic inflammation, the growth may very readily 
,be overlooked. Disease of the rectum may cause symptoms which 
simulate chronic endometritis. 

Treatment . — ^The only effective plan of treatment is the preventive. 
Neither medical nor surgical measures will restore an organ to its 
normal condition after marked tissue change has occurred. Sexual 
rest, judicious exercise in the open air, regular evacuation of the 
bowels, proper hygiene, hot douches, and medicated tampons will be 
of v^ue. Injuries of the uterus and pelvic floor should be repaired. 
The uterus should be curetted, and under some conditions the cervix 
amputated. Where the condition has existed for a considerable 
time and u complicated by tub^ or ovarian disease, the preferable 
procedure is to remove the uterus with its appendages. The removal 
of the organ relieves the imprisoned nerves, which are compressed by 
the increased connective-tissue growth. 

Curettage, T-In the preceding pages we have frequently advised 
the employment oi the curette. It is an instrument capable of inuch 
good and of more harm. It may be considered to be indicated after 
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an abortion or labor, when the symptoms indicate the retention, 
within the cavity, of clots, portions of the placenta, and decidua, or 
where hemorrhage or profuse discharge occurs; in chronic inflammation 
of the endometrium of the cervix or body; in all cases in which oper&> 
tions are done on the cervix, or where the abdomen is opened to treat 
disease of the appendages, with the purpose to save one or both; as 
a preliminary to operations for the object of maintaining a displaced 
uterus in a correct position, and to secure material to confirm the 
diagnosis in suspected malignant disease. It should be considered 
as contraindicated in malignant disease, except to secure material 
for examination and as preliminary to radical operation; in sub- 
mucous fibroid tumors, as the instrument is likely so to injure the 
growth as to imperil its vitality; in every inflammatory case where 
the infection has extended to the tubes, the pelvic peritoneum, and 
the cellular tissue, unless its employment is immediately followed by 
an abdominal incision for the correction of the intrarabdominal 
lesions; and never where there is the suspicion of pregnancy. 

Technic . — The preparation will depend to some degree on the 
condition for which it is practised. The first aim should be to render 
the vagina as nearly aseptic as possible; hence it is washed with a 
mixture of tincture of green soap and water (1: 16). This is removed 
by washmg with sterile water, and, finally, the vagina is scrubbed 
with alcohol (60 per cent.) in water. Not only the vagma and vulva 
are thus scrubbed, but the buttocks and every part which is likely to 
be touched during the operation. The operative field is surrounded 
with an aseptic sheet, the cervix exposed, seized with two double 
tenacula, as the two are less liable to tear out, and the dilatation is 
done by graduated bougies, two sizes on each handle. These bougies, 
especially the smaller sizes, should be employed with care, as the wall 
of the uterus may be very easily punctured. In the larger sizes the 
wall may be ruptured in acute flexions, as the wall is thinned on the 
side opposite to the flexion. The dilatation is done by many surgeons 
with the parallel-bar dilators, but they offer no greater safety from 
perforation, and when such injury occurs and is not obrerved before 
the separation of the blades, it may be almost irreparable. The 
dilatation is followed by the use of the curette, which should be fene- 
strated and sharp, with a tubular handle which can be connected with 
a douche-bag, and the blood and scrapings washed away as the 
instrument passes over the surface. Particular care should be 
exercised in the use of the instrument -to curette the entire uterine 
cavity. After its completion the uterus can be packed with medicated 
gauze, swabbed with some solution, or permitted to drain without 
interference. In an infected uterus I believe it better to employ 
iodoform gauze packing, as it keeps the surfaces apart and favors 
the closure of the uterine sinuses. In uninfected cases it is my 
custom to swab the cavity with a saturated solution of iodoform in 
ether; the ether rapidly evaporates at the body temperature, and 
leaves a coating of iodoform over the surface. Watson suggested 
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throwing into the cavity an ounce of a 3 per cent, solution of formalin 
in ^yceiin. 

Dangers.— The use of the curette is by no means free from danger. 
Its employment is not infrequently followed by extension of infection 
to the deeper structures, but this can be avoided by the exercise of 
proper asepsis and care in the selection of suitable cases. Perforation 
of the uterine wall with the curette or the dilating instruments is of 
not infrequent occurrence. This accident is very prone to occur in 
the recently inflamed uterus or in the woman who has had a recent 
abortion. Numerous instances are recorded where the first intima- 
tion the operator had of perforation was the appearance of a loop of 
intestine at the external os. The intestme has been so injured in 
some cases as to require resection. A patient came under my observa- 
tion in whom the anterior wall of the uterus had been so spread apart 
by parallel-bar dilators that I had to remove the fundus uteri, and the 
woman subsequently died from sepsis. An ordinary perforation when 
the case has been managed aseptically is not a serious matter. The 
only treatment advisable would be to plug the uterus with iodoform 
gauze, when the convalescence will be as uneventful as if the injuiy 
had not occurred. 

Hypertrophy of the Cervix.— The intravaginal and the supra- 
vaginal portions of the cervix are subject to enlargement. The 
latter is associated with prolapsus of the vagina, while the former 
occurs without any change in the position of the uterus or the vagina. 
It is a hyperplasia of the intravaginal portion of the cervix, which 
frequently becomes so elongated as to protrude from the vagina and 
lead the careless observer to believe that it is a uterine prolapse. The 
condition is determined by digital examination, which discloses that 
the vagina is of the normal length and is not affected by the elongation 
of the cervix. This condition is described by Auvard as pseudo- 
prolapsus. The supravagmal elongation, also known as hypertrophic 
elongation of the cervix, is a not uncommon lesion, and is the result 
' of loss of support from the pelvic floor, which permits the anterior 
and posterior walls of the vagina^ with their related structures, to 
drag on the cervix until the entire uterus, or where it is fixed, the 
elastic cervix is drawn upon, causing elongation of its supravaginal 
portion. The anterior portion of the vagina is attached to the cervix 
at a lower level than the posterior, so that most frequently the elonga- 
tion occurs between the attachments of the two portions. As a 
consequence, it will be seen that the entire anterior portion of the 
vagina is everted, while the posterior is of the normal length, and is not 
at all displaced. Here, again, l^e appearance is ‘that of prolapsus, 
and from the contour of the tumor one is prepared to find the entire 
uterus in the mass, but grasping it between the thumb and fingers, 
it js found that there is a round, cord-like structure passing upward 
through the mass, which is recognized as the elongated cervix. The 
mass may consist of an increase of connective tissue only, or be asso- 
ciated with extensive cystic degeneration of the ^ands. 
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Trsfttsisiit. — Amputation of the cervix is the only procedure of 
value in the treatment of either form of hypertrophy. In the intra- 
vf^al variety the amputation is done by splitting the cervix into 
an anterior and a posterior lip, and removing each lip with a double 
flap. The mucosa of the cervix and that of the portio vaginalis are 
carefully united front and back, to insure the new os, and the two 
lips are united laterally (Fig. 145). In the supervaginal form the 
vagina is separated from the cervix, if necessary as high as the peri- 
toneal reflection, the amputation done as just described, except that 
in suturing the parts the bladder should be carried higher on the 
front of the uterus, or its posterior surface tucked up, after which the 
cervical mucosa and the vagina are sutured in front, and the re maining 
portion closed as above described (Fig. 146). As this operation is 
usually done for prolapsus, it is generally associated with plastic 
operations on the vagina, which will be described when considering 
the treatment of displacements. 



Fio. 145. — Doublb Flap Amputation op thh Fio. 146.— Wound Globed in Double Flap 

CfiHvix WITH Suture Introduced. (Mont> Amputation or Cervix. (Montgomeiy.) 

Bomery.) 

Laceration of the Cervix. — ^Tears of the neck of the womb 
are among the most frequent sequela of parturition. These injuries 
may be unilateral, bilateral, throu^ the anterior or posterior lip, or 
stellate. These may be nothing more than a slight Assuring of the 
08 , or extend into the lateral fomices of the vagma, or through the 
anterior lip until the bladder is opened. Probably the bilateral 
laceration is the most frequent, and next, the left lateral, due possibly 
to the greater frequency of the position of the occiput to the left 
anterior. 

Etiology. — ^The occurrence of laceration of the cervix is rendered 
probable by the previous existence of protracted endocervicitis. 
The lesion may be the direct result of too precipitate or of prolonged 
labor. In the former, by the energetic contractions of the uterus, the 
head of the child is driven through the os before the cervix has had 
an opportunity to become relaxed and dilated. In the prolonged 
labor the overhanging portion of the cervix is bruised between the 
pelvic bones and the head of the child until it becomes edematous 
and thickened, and fiiudly gives way. An inordinately deed child, 
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malposition of the fetal presentation, misdirected expulsive force 
expended against an overhanging lip instead of the center of the os, 
premature rupture of the amniotic sac, hasty and unwim efforts to 
expedite the deliveiy, either manual or instrumental, are some of 
the important factors in the production of laceration of the cervix. 



Fio. 147. — Bilateral Ijaceaation of the Fki. 148. — Unilateral Laceration of the 
Cervix. (Munde). Cervix. 

Stellate lacerations are the result of repeated labors (Fig. 149). 
Nature has made an effort to repair the earlier injuries, and in the 
subsequent labor the site of the origmal laceration, being the strongest 
portion, the tear occurs in a new situation. After a number of labors 
the cervix may thus assume a rather remarkable appearance. 

Symptoms and Signs.— No special 
symptoms can be presented as char- 
acteristic of cervical tear. They are 
produced by the complications of the 
lesion. Endometritis and subinvolu- 
tion arc sequcltc, and from them 
occur disturbances of menstruation, 
increased discharge, the sensation of 
weight and bearing down, discom- 
fort in standing and during locomo- 
tion, and pain in the sacrum and 
iliBc regions. A granulating cervix 
may be the cause of bleeding following 
coition or digital examination. To the formation of cicatricial tissue 
in the angles of the tear are attributed various nervous manifestations 
supposed to arise from the nerves pinched by the scar tissue. Digital 
examination discloses an enlarged os tom on one or both sides, or 
extensively fissured in different directions. The laceration may be 
slight — a mere enlargement of the os transversely or be very exten- 
sive, BO that the tissue of the lateral fornix of the vagina is opened on 
one or both sides, or fissuring may be recognised in the anterior qy 
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posterior lips, and in all these situations at the same time. Without 
apparent extensive lateral laceration the finger may pass nearly to the 
internal os. The cervical lips may be thin, — mere folds of tissue 
formed by the tears without hypertrophy, — or they may be enlarged 
and the lips be widely separated. The heavy, subinvoluted organ 
drags downward, and the attachments of the vagina being unantag- 
onized, draw the lips forward and backward; the tender cervical 
mucosa being subjected to insult and injury with each breath the 
patient draws, with every exertion, and during the act of coition 
becomes infiamed and thickened; its glands become obstructed and 
form retention cysts. The efforts of nature to obviate the condition 
result in plastic exudate, granulation tissue, and the formation of a 
cicatricial mass by which the lips are widely everted. In such a 
state the finger reveals the lower end of the cervix as its largest portion, 
while the neck above is small. Occasionally involution will take 
place in the posterior lip, while the anterior, in the axis of the vagina, 
becomes greatly hypertrophied. It is not unusual to find a marked 
disproportion in size between the two lips. The increased wc'ight 
of the uterus and the diminished support of the cervix permit the 
organ to drop to a lower level and form the first stage in prolapsus. 
While the laceration is extensive but unilateral, the separation of the 
tear causes the fundus to incline toward the side of the lesion, and 
a lateral version results. The everted mucosa and its thickening by 
the inflammatoiy deposits sometimes so obliterate the fissure as to 
cause it to be overlooked. 

Diagnosis. — ^The finger affords the best means of recognizing 
the lesion, but the fact that a fissuring of the cervix is determined 
is not to be accepted as proof positive of previous prejpiancy, 
for a congenital separation of the lips can exist which will per- 
mit as marked eversion as from the laceration. The presence or 
absence of changes in other portions of the genital canal will be con- 
firmatory of the diagnosis. Its extent and character are readily 
recognized by the digital examination. The latter discloses the 
amount of repair which has been accomplished, the extent of the 
cicatricial changes, the condition of the mucosa, its thickening, ever- 
sion, the presence of the distended glands of Naboth, the spread-out 
cervix, and the contracted portion above. The indurated surface 
covered with granulations and cysts of Naboth, the profuse discharge 
with offensive odor where cleanliness is neglected, and the bleeding 
from slight manipulation lead not infr^uently to the diagnosis of 
carcinoma. Experience has shown that the existence of laceration 
is a condition favoring the development of carcinoma, and where 
the diagnosis cannot be determined by examination and inspection, 
a section of the tissue should be excised for microscopic investigation. 
In excising the tissue it should be so done that the sections for examina- 
tion may include both the healthy and the suspected structures. The 
extent and character of the laceration are best inspected by the em- 
ployment of a Sims speculum or a retractor. The ordinary bivalve 
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speculum, by its traction on the vaginal walls, either exaggerates the 
laceration or so obscures it that it escapes observation. 

T^tment. — ^The immediate repair of a lacerated cervix is not 
generally practicable, because the cervix, directly after the labor, 
is so spread out and thinned that it is difScult to determine the extent 
of the lesion. Where the perineum is also lacerated, the better 
procedure is to wait five or six days after the delivery and then repair 
both the cervix and the pelvic floor. The delay has the double 
advantage that it permits the structures to resume to some degree 
their normal outlines, and if there has been any doubt as to the 
asepsis, an opportunity has been afforded for its manifestation before 
the parts have been closed. Operation then promotes normal mvolu- 
tion of the uterus and diminishes the danger of endometritis. Small 
lacerations are likely to heal if the surfaces are kept aseptic. Lacera- 
tions of the cervix of the secondary variety come much less to operation 
than formerly, for two reasons: first, experience has taught that it 
is better not to repair the small tears because drainage is impaired 
and the danger of sequels increased; and, second, the better asepsis 
in the practice of obstetrics promotes the repair of injuries without 
operation. 

Care must be exercised in the selection of cases for operation, as 
patients with tubal or peri-uterine disease are prone to a redevelop- 
ment of the inflammatory condition if the injured cervix is repaired 
without subjecting the abdominal disorder to proper treatment. 
Further, the cervix should not be repaired without the treatment of 
the other complications. The existence of various complications, as 
endometritis, relaxed and lacerated pelvic floor, and displacements 
of the uterus, has been referred to, and their presence requires the 
employment of measures for their relief as complementary to the 
repair of the cervical lesion. ' In many cases the operation on the 
cervix should be preceded by local treatment. The engorged struc- 
tures should be depleted through repeated scarification, obstructed 
glands punctured, and their cavities painted with iodin to accomplish 
their obliteration; the uterus should be raised and supported by 
medicated tampons, preferably with a preparation of glycerin, which 
still further depletes the organ, and, by maintaining it at a higher 
level, promotes the involution. No laceration of the cervix exists 
for a length of time without producing endometritis, so the curet- 
ment of the uterus should be considered a necessary part of the opera- 
tive procedure. 

Thmhelorrhaphy or hysterotrachdorrhaphy was the operative 
procedure devis^ by Emmet for the repair of lacerated cervix. The 
patient should be prepared in the manner indicated for the curet- 
ment of the uterus. The patient being in the lithotomy position, 
tlfe cervix is exposed by the Edebohls speculum, is hdd by a double 
tenaculum in each lip, and with a scalpel the surfaces to be denuded 
are outlined. Care is exercised to leave a strip one centimeter T^dis; 
in the center of each lip for the future cervicd canal (Fig. 150). 
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undenuded portion should widen slightly at the outer surface. As 
far as possible the denudation should extend equally on each lip and 
into the angles, so that all new-formed tissue is removed. This bilat- 
eral denudation, of course, applies only to the double tear, and then 
only when the laceration is an extensive one; in the slighter tears it is 
better to make the denudation on the side of the greater depth than 
to denude both sides. In the introduction of the sutures I prefer to 
insert the sutures which will form the margins of the new os first, 
and then remove the tenacula, using these sutures to control the 
cervix. Placing these sutures at once makes sure of keeping the two 
lips of proper length (Fig. 161). The remaining sutures are introduced 
about three millimeters apart, and the same distance from the edge 
of the wound on the vaginal surface, brought out at the margin of the 
cervical mucosa, on the one lip, carried into the opposite lip at a simi- 
lar point, and brought out on its vaginal surface. All the sutures are 
introduced before any are tied, the lips arc separated, blood-clots 



Fia. 150. — DsNUnATiON for Ripair of Bi- 
lateral Laceration of tub Cervix. 
(Montgomeiy.) 


Fio. 151 . — Bilateral Laceration op the 
Cervix and Sutobbb Introuuced for 
Union or Denuded Surfaces. fMont- 
gomsiy.) 


removed, and the surfaces united. The first sutures introduced arc 
the last tied. The ends of the sutures are cut, the field of operation 
cleansed and a pad of iodoform gauze placed over the cervix. The 
operation requires for its ready performance three assistants beside 
the anesthetist, two of whom may be nurses. The following sterile 
instruments should be placed in a tray on a table at the right of the 
operator: a scalpel, curved scissors, long rat-toothed tissue^ forceps, 
two double tenacula, a retraction speculum (Edebohls'), six hemo- 
static forceps, a needle-holder, and four » strong curved needles, each 
threaded with silk, to serve as a suture carrier, A smaller tray will 
contain the suture material. An assistant on either side can hold a 
leg covered with a sterile sheet, or the legs can be secured with a leg- 
holder. The assistant to the operator’s ri^t attends to the necessa^ 
spon gin g and holds the ligatures attached to the end of the cervix 
when the sutures are introduced ojn the right and di^g the tying 
of the same. The left assistant holds the tenaculum in the anterior 
lip during the denudation and manages the irrigation tube. The 
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tenaculum hanging from the posterior lip keeps the cervix open; 
after the introduction of the end sutures the assistant holds these, 
while the left sutures are introduced and tied. The third assistant 
hands sponges, sutures, and does such other work as may be demanded. 
The sponges may consist of pads of sterile gauze or sterile absorbent 
cotton, the latter wet with 1 : 2000 sublimate solution. When irriga- 
tion is done, the hot normal salt solution is preferable. The sutures 
may be sterile sQk, silkworm-gut, silver wire, or chromic catgut. 
1 prefer the latter because, in the majority of coses, several operations 
are combined in which the pelvic floor is also restored, and the removal 
of non-absorbable sutures is attended with so much difficulty and 
discomfort to the patient that it seems desirable to avoid the necessity 
for removal when possible. The performance of the operation above 
described is not desirable in every case of laceration; indeed, is of 
limited application. It may be considered as indicated in recent 
laceration, and in those in which there is but little thickening and 
slight inclination to eversion of the cervical mucosa. Where such 
changes are marked, the operation would lead to an obstructed canal 
and defective drainage. In all cases, then, of marked thickening 

and eversion of the mu- 



cosa, the operation of choice 
should be that of amputa- 
tion. 

Amputation of the Cervix. 

— ^The cervix may be ampu- 
tated by the double-flap or 
the single-flap method. The 
former has been described 
under hypertrophy of the 
cervix. The latter method, 
also known as Schrdder’s 
operation, is the one most 
frequently chosen in lacerated 
cervix. The same instru- 
ments and a similar number 
of assistants are. required as 
in the operation for lacera- 
tion. The lips of the cervix 
are widely separated, and 
an incision is carried half 
through the cervical wall, 
encircling the opening of the 
canal at the summit of the 


Iteration (Fig. 162). Below this incision the inner surface of each 
lip' is removed to the junction of the vaginal and cervical mticous 
membranes, at the site of the original os. The mucosa of the cervix 
is united to that of the vagina, front and back, by three sutures each, 
and the raw surface on each side sutured as in an ordinary operation 
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for amputation. This procedure removes the diseased mucosa, with 
as slight shortening of the cervix as is possible. 

Wounds of the Uterus> — The uterus is so protected in its situa- 
tion within the bony pelvis that it is rarely injured unless through 
operative interference. The most frequent injuries are those which 
occur during the operation of curettage, and especially the removal 
of portions of the placenta after an abortion. The walls of the uterus, 
under such circumstances, and when it is inflamed, are very soft, 
and puncture may occur with the very slightest pressure — so slight 
that the occurrence of the injury escapes the notice of the operator. 
Perforation, also, occurs during abortion when practised by the 
victim or at the hands of another. These wounds are the most 
dangerous for the reason that they are generally produced without 
any consideration of the principles of asepsis, and the case comes 
under the observation of the surgeon when the development of the 
infection makes the condition desperate. The ease with which per- 
foration occurs in emptying the uterus after abortion makes wise the 
advice to employ the finger as a guide in all manipulation of instru- 
ments within the uterus fur the purpose of the removal of fragments 
of the placenta. Failure in observing this rule has caused the opera- 
tor, in a number of instances, to be surprised by seeing a coil of intestine 
in the grasp of his placental forceps at the external os. Perforation 
of the uterus by the bougie in dilatation of the canal, where the con- 
ditions are aseptic, calls for no especial treatment. It has been my 
custom, when the perforation is recognized, to pack the uterus with 
iodoform gauze after the curettage, and not to use the flush curette 
nor to mop out the cavity with a medicated solution. The occurrence 
of the injury exerts no influence on the convalescence. That per- 
foration occurs much more frequently than is suspected is evident from 
the great number of cicatrices seen in the fundus when the abdomen 
is opened later for other conditions. 

Rupture of the uterus is an accident of parturition, although 
it may also occur, though less frequently, during pregnancy and in 
the puerperium. According to Eklgar, it occurs about once in 1000 
cases. During pregnancy it is produced by rapid stretching of the 
uterine walls or from cystic degeneration of the chorion. In the 
puerperium it occurs from sloughing of the uterine wall, from pro- 
tracted pressure of the child’s head during the labor, and from a 
septic dissecting metritis. In the Philadelphia Hospital 1 had a 
patient who lost her entire fundus from this cause. 

In the greater number rupture occurs during parturition, and most 
frequently on the left side and the posterior wall. The left lateral 
tear is likely to push the peritoneum before it, so that the cavity 
remains unopened, and as a result a hematocele may form which is 
both extra-uterine and extraperitoneal. The opening varies from 
the size of the finger-tip to one which will permit escape of the fetus 
wd the contents of the uterus. The lesion may be transverse, involv- 
ing a good part of the circumference of the uterus, or longitudinal^ 
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extending into the vagina, or upward to the fundus. The rupture 
may be incomplete or complete. In the former the injury involves 
the muscular layer; in the latter, it extends through the peritoneum. 
The rupture is called complicated when neighboring viscera, as the 
bladder and intestine, are opened. 

Etiology. — ^The causes have been divided into the predisposing 
and exciting. Among the former may be considered a marked 
disproportion between the size of the child’s head and that of the 
pelvis, stretching of one side of the uterus by a transverse position of 
the fetus, as in a shoulder presentation, narrowing or rigidity of the 
cervix from previous operative procedures, the scar of a previous 
Cesarean section, obstruction from deformity of the pelvis, weakening 
of a part of the wall, and a rigid ring from cancer of the cervix. It 
is seven times more frequent in multipart than in primiparas. The 
exciting causes are the injudicious administration of ergot, unskilful 
•manual and instrumental interference with labor. 

Symptoms. — In a woman with some pelvic deformity or obstruc- 
tion to delivery strong tetanic contractions, suddenly followed by 
sharp cutting pain, a sound of tearing tissue, a feeling on the part of 
the patient of something giving way, followed by profound collapse 
and all the symptoms of an internal hemorrhage, are characteristic. 
Collapse is not always present, but there are generally symptoms of 
peritonitis. The process may terminate in one of three ways: in 
contraction and closure of the rupture, in rapid death from internal 
hemorrhage and collapse, or in retarded death from the development 
of peritonitis or septicemia. 

Diagnosis. — ^The fetal heart-sounds suddenly cease. Rupture 
of the uterus is generally associated with the death of the fetus. 
Vaginal palpation discloses that the presenting part has partially or 
completely receded, the cord, portions of the omentum, or coils of 
intestine may be felt at the external os, the introduction of the hand 
into the uterus discloses the rent in the uterine wall, which may be 
small or so large that the contents of the uterus have escaped into 
the peritoneal cavity. Palpation of the abdomen in such cases reveals 
two bodies, the one more or less contracted — ^the uterus — ^and the 
other, the fetus within the abdomen. The accident is always of the 
‘gravest import, and demands prompt consideration. 

Treatment. — ^Edgar divides the treatment into the prophylactic 
and the curative. The former consists in careful watching of a case 
presenting conditions favorable to rupture, the administration of 
morphin or an anesthetic to modify the severity of the uterine con- 
tractions, and, where the conditions do not give promise of being 
readily overcome, for the interests of both mother and child, the 
Cesarean operation should be performed. The curative treatment 
has to deal with the case after the occurrence of the rupture, and 
comprises, first, the delivery of the fetus by some method, podalio 
version, forceps, or, when dead, craniotomy, which will relieve the 
tension and accomplish the delivery most easily. Second, ca^ul 
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examination of the site and extent of the rupture. Third, when 
small and situated low down in the uterus, and clots and meconium 
have not escaped into the abdomen, though this is difficult to deter- 
mine, the uterus may be irrigated with salt solution, a strip of iodoform 
gauze carried to the fundus, and ergot administered. The patient 
should be carefully watched for signs of peritonitis, which should 
be considered an indication for abdominal incision and drainage. 
Fourth, in large ruptures the abdominal cavity should be opened and 
the fetus and placenta, if they have escaped into the cavity, removed. 
When the fetus has been delivered and the presence of a large rupture 
is recognized, the patient may occasionally recover after packing the 
wound and the uterus with gauze, but the more radical procedure of 
entering the cavity with the knife is the wiser and more conservative 
plan. The method of procedure must be decided by the previous 
management of the case. If it has been thoroughly asej)tic, the 
rough edges of the tear may be trimmed, and the opening closed with 
several layers of catgut. If there is a reasonable probability of infec- 
tion, it is wiser to remove the uterus by the Porro operation. 

^sarean section consists in the delivery of the fetus through 
an abdominal and uterine incision. 

Indications. — ^This procedure may be considered as indicated 
whenever there exists any condition on the part of the mother or 
child which will produce such an obstruction to delivery as will 
imperil either, the child being viable. They are classified as follows; 

1. Pelvic deformity. 2. Uterine neoplasms, as fibroids, car- 
cinoma, etc. 3. Vaginal deformities, such as marked contraction 
from scars and tumors. 4. A very large child. 5. Eclampsia with 
a firm, undilatable cervix, and especially when complicated with 
deformed pelvis or placenta prsevia. 6. Placenta prscvia. 

It is a well-recognized obstetric axiom that a conjugata vera of 
10 to 11 cm. is necessary for the safe delivery of a normal fetus, and 
any reduction from this requires resort to some special expedient. 
The alternative expedients are the high application of the forceps, 
podalic version, symphysiotomy or its modifications, pubiotomy or 
hebosteotomy, craniotomy, and the various modifications of^ the 
Cesarean section. Both the forceps and version add to the morbidity 
and the mortality for the mother, and greatly increase the danger for 
the offspring in contracted pelves. Symphysiotomy and its modifi- 
cations, with their advantages and disadvantages, will be discussed 
later. Craniotomy should never be considered when the child has a 
chance for life. When the conjugata vera is but 6.6 cm. or less. 
Cesarean section affords the only hopeful outlook for the mother. 
General contraction of the pelvis at the brim or outlet is equally 
disastrous, and demands the employment of special means to accom- 
plish delivery. In late years the employment of Cesarean section is 
regarded as proper treatment for placenta previa, especially of central 
implantation. As for eclampsia, it may be safely questioned whether 
this procedure is as worthy of consideration as other measures which 
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will be discussed later. Cesarean section should always be considered 
the operation of choice when the judgment of the capable obstetrician 
is satisfied that it affords both mother and child the best prospects 
for life. 

Time for Operation. — It was formerly considered time for the 
Cesarean section when the other methods had failed to accomplish 
the delivery, but the mortality of the operation was so great that it 
became manifest that the educated accoucheur should know when the 
patient was able to deliver herself, and be prepared in advance to 
apply the measures for the successful management of the individual 
case. Reynolds, after a careful analysis of 289 cases by 20 different 
operators, divides the cases for Cesarean operation into three classes, 
which he calls primary, secondary, and late. (1) Primary include 
those in which the patient is subjected to operation in advance of 
labor or at its very beginning. (2) Secondary sections, those per- 
formed after a certain amount of labor has demonstrated its probably 
unsatisfactory character, but before exhaustion has set in, and before 
it’ has been definitely established that the natural powers will fail to 
effect the passage of the brim. (3) Late sections: those performed 
after definite arrest of the head at the brim. The value of early opera- 
tion was well demonstrated by the results of the table cited; 82 were 
operated on prior to the beginning of labor, with one death, or a 
mortality between 1 and 2 per cent. One hundred and fifty-eight 
were operated on early in labor, with 6 deaths— a mortality of 3.8 per 
cent.; and 49 after the arrest of the head or an unduly long first stage, 
with 6 deaths, or 12 per cent, mortality. Reynolds reported 30 cases 
operated on by himself, without a death. It is not in the absence of 
or in low mortality only that the early operation is of advantage, but 
in the lessened anxiety about the patient occasioned by the smooth 
and uninterrupted convalescence. The operator is able to choose 
the time for the operation and make the better preparation. 

As the result of experience in a New York Lying-In Hospital 
McPherson reports 30 sections with 4 still births, a fetal mortality 
of 4.08 per cent. Of the entire 186 sections performed during the 
eighteen years of the existence of the hospital, there were 13 still 
births — a mortality of 6.9 per cent.; in the last 108 cases there were 
feut two stillborn. 

Preparation. — The bowels and bladder are emptied, the latter, 
if necessary, with a catheter. The vagina, vulva, and the abdomen 
are carefully scrubbed, with the patient on a suitable operating table 
and covered with sterilized to\<rels. 

Instruments. — A sharp scalpel; scissors, straight, curved, and 
bent on the side, the inferior blade probe-pointed; a dozen hemostatic 
forceps; tissue forceps; two double tenacula; needle-holder, and a 
iflimber of suitably curved needles; catgut, chromicized. No. 1 and 2, 
shoi^.be at hand in a tray and sterile silk and silkworm-gut. 

' Operation.— The assistant presses the uterus against the abdominal 
wall by a hand on either side of the abdomen, while the operator m^kes: 
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an incision 12 cm. to 15 cm. long, terminating about 6 cm. above the 
umbilicus. The uterine incision is made of same length; gauze pads 
or preferably a long gauze pad is packed between the abdomen and 
the uterus, to absorb the escaping amniotic fluid. The site of the 



Fig. 103. — Cbsabean Section. (Edgar.) 


uterine incision should be made with reference to the attachment 
of the placenta, in order to avoid going through it. Extensive 
observation has shown that the 'attachment of the placenta has the 
following relation to the position of the fetus: (1) L. Q. A. the placento 
is attached to the posterior and the right; (2) R. 0. A. to the posterior 
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and the left; (3) R. O. P. to the anterior and to the left, and (4) 
L. 0. P. to the anterior and to the right. The hand is pressed through 
the membranes, and the fetus seized by the feet or breech and rapidly 
extracted, while an assistant makes pressure on the uterine arteries 
in the cervix. The lunbilical cord is cut between hemostatic forceps, 
and the child given to an assistant, who proceeds to resuscitate it and 
establish respiration (Fig. 153). During this time the first assistant 
keeps the uterus crowded into the wound, where it is surrounded with 
gauze pads. The placenta and the membranes are removed with the 
hand, and the uterine cavity wiped with gauze. If the uterus is well 
contracted, the sutures are at once introduced, otherwise it should be 



Fia. 164. — CsBARBAN Section. Clohino Uterus. 


well packed with gauze and pressure made against it from the outside. 
Interrupted No. 2 twenty-day chromic catgut sutures are introduced 
about 2 cm. apart, through two-thirds of the muscular layer, but not 
into the mucous membrane; a second row of sutures between these 
includes a portion of the peritoneum and the outer third of the muscu- 
lar layer. After these two layers arc tied and the ends of the ligatures 
cut idiort, a No. 1 continuous catgut suture draws the peritoneum 
ovur the wound. 

Various modifications of the operative technic have been sug- 
gested, as going Ihrouj^ the rij^t rectus muscle instead of the middle 
line. Sinclair, after closing the uterine wound, obliterates .:^e 
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vesico-uterine pouch and brings this peritoneum over the wound to 
secure adhesions. Fritsch advocates a transverse incision through 
the fundus for the delivery of the fetus, which permits the closing 
sutures to be inserted vertical to the vessels. Frank, of Cologne, 
attempted the operation extraperitoneally by a transverse incision 
through both the abdominal parietes and the uterus just above the 
pubes. The vesico-uterine peritoneum was pushed back, and the 
peritoneal cavity left unopened. Veit followed the same principle, 
except that he made a vertical incision through the abdominal wall, 
and Selhcim employed the Pfannenstiel incision. It was not always 
found possible to push up the vesico-uterine fold, so all these operators 
have made the transperitoneal incision, dissected up the peritoneum 
from the front of the cervix, and united the edges of the cervical and 
parietal peritoneum before opening the uterus. The purpose of these 
procedures has been to avoid infection of the peritoneum, as it is 
impossible to say whether the individual is infected, as not infrequently 
these women examine themselves or have the examination made by 
a companion. It is always wise to regard the patient as infected who 
has been in labor for some time without aseptic care, or where repeated 
examinations have been made by persons whose methods are doubtful. 
In the effort to prevent the infection of the peritoneum a very com- 
plicated wound is made, which opens up a large amount of connective 
tissue which is less resisting to infection than would be the peritoneum. 

Abdominal-cervical Cesarean section is the title given by Pfannen- 
stiel to the procedure, which he performs as follows; A transverse 
incision, about 15 cm. long, is made at the level of the anterior superior 
iliac spines through the skin, superficial fascia, and aponeurosis, and 
the latter separated to the symphysis and umbilicus respectively; 
the recti muscles are separated, and the peritoneum opened for 10 cm. 
longitudinally. Then the peritoneum, carefully guarded by sponges, 
is opened between the bladder reflection and the contraction ring, 
and the vagma opened. If the operation is delayed until the cervix 
is dilated, the bladder rests directly against the vagina, and it is 
unnecessary to separate it. When the vesico-uterine plica is still 
high, it should be cut across, and with the bladder stripped down, as 
in hysterectomy. The child is extracted by lateral pressure or by 
the feet. After a short pause, occupied in changing the pads, the 
placenta is delivered cither spontaneously or by pressure through 
the abdominal wall. The cervical wound is sutured in two layers. 

The advantages claimed for the procedure are: (1) (a) The proba- 
bility of morbidity and mortality is diminished because the uterus 
remains in situ and the peritoneal cavity is protected from contamina- 
tion. (6) All danger of hernia is eliminated, (c) The patient is able 
to leave her bed as early as the third day. (2) The possibility of 
hemorrhage is reduced to the minimal because— (a) no large vessels 
are mcised, and (b) the detachment of the placenta is left to nature. 

Vaginal Cesarean section is an operation devised by D&hrssen 
especially for rapid jlelivery in eclampsia, and according to its author 
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has the following indications: 1. Danger to the life of the mother, 
caused by abnormalities of the cervix uteri and of the lower uterine 
segment (carcinoma, myoma, rigidity, stenosis, partial dilatation of 
the lower uterine section), abnormalities which make impossible the 
dilatation of the cervix by the uterine contraction or render it very 
difficult. 2. Dangerous conditions of the mother, imperiling life, 
which are removed or moderated by evacuation of the uterus (diseases 
of the heart, of the lungs, and of the kidneys, premature detachment 
of the placenta). 3. Conditions which presumably may occasion the 
mother’s death. 4.. Danger to the life of the child without the 
presence of danger to the mother at the same time. 

Operation . — After evacuation of the bowels and bladder, thorough 
cleansing of the vulva, vagina, and environment, and an enema of 
ergot, a perineovaginal incision is made on the right side in primipara;. 
If this incision is carried through the levator ani muscle, a large fist 
can be carried into the vagina, and the parts are held open by large 
retractors, which serve to control hemorrhage, thus dispensing with the 
necessity for the immediate employment of ligatures. The cervix 
is seized and drawn down by a double tenaculum on each side, and 
threads are substituted. The posterior lip is divided to the vaginal 
attachment, and then an incision, 4 cm. long, made in the posterior 
fornix, and the peritoneum bluntly dissected from the cervical and 
corporeal wall. Similarly, the anterior lip and vaginal fornix are 
divided and the peritoneum pushed back. The anterior and* posterior 
uterine walls are further split with scissors, the uterine cavity quickly 
entered with the hand grasping a foot, and the fetus rapidlydelivered. 
If the uterus contracts, the spontaneous delivery of the placenta may 
be awaited, otherwise it should be detached manually and a uterine 
tampon of gauze inserted. The uterine incisions are closed with 
interrupted catgut sutures tied on the external surface of the organ, 
after which the two vaginal wounds are closed by continuous catgut 
sutures, leaving an opening in each near the uterus for a gauze drain. 
The procedure is completed by closure of the perineovaginal incision. 
He closes the vaginal portion with catgut and the perineum with 
silkworm-gut sutures. This operation is of especial value in eclampsia 
with rigid cervix, and in cancer of the uterus where the delivery can 
be immediately followed by the removal of the diseased organ. 

Porro-Cesarean section is an alternative operation to the Cesarean 
section when the child is alive, and is a supravaginal hysterectomy. 
The ordinary Cesarean section may be repeated several times on the 
same individual, but the Porro operation is a mutilating procedure, 
so that after its performance further procreation is prevented. It is 
to be preferred to the Cesarean when the patient has been long in 
labor, and the utei^ has become so bruised as to render its retention 
dangerotu to the woman, or in cases in which infection has been 
introduced.' It is also considered as indicated in the destitute and 
illegitimatdy pregnant, especially when suffering from tuberculosis 
or cardiac disease and delivery has to be accomplished by laparotomy. 
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The necessity for operation in such an individual should entail meas- 
ures to prevent its recurrence. 

Operation . — ^The abdominal incision and the delivery of the fetus 
are similar to those in Cesarew section. After the removal of the 
placenta, the uterine cavity is packed with gauze, the uterus brought 
out of the wound, and the intestines packed back with gauze, the 
patient t)eing in the Trendelenburg position. The broad ligaments 
on each side are clamped with two forceps and cut between them, the 
round ligament likewise clamped and cut; the peritoneum in front 
of the uterus is cut. and with the bladder pushed down the broad 
ligament is spread out, exposing the uterine arteries, which arc 
clamped, and the cervix cut across and the uterus removed. The 
clamped vessels are now ligated, and the peritoneum closed over 
the stump, which is dropped back and the abdominal wound closed 
without drainage. In the original Porro operation the stump was 
clamped and brought out at the lower angle of the wound and treated 
extraperitoneally. The prolonged convalescence, the difficulty in main- 
taining an aseptic wound, the weakened abdominal wall, increasing 
the danger of hernia, and the greater discomfort of the patient have 
caused this method to be discarded. As has been seen, the Porro 
procedure is advised for infected cases, but it has the objection that the 
portion most exposed to the infection — the cervix — is retained. 
Hysterectomy would seem the wiser procedure, and requires only 
that the entire cervix shall be removed. When the uterine arteries 
are cut, the uterus should be drawn to one side, and the vagina opened 
close to the cervix, and the latter encircled. Care must be exercised 
not to injure the ureters, which, owing to the size of the cervix, are- 
more likely to be injured than in ordinary hysterectomy. After 
ligating the vessels, iodoform gauze may be packed into the pelvis, 
the end projecting into the vagina, the peritoneal surfaces are closed 
over the packing, and all ligated stumps turned into the vagina. 

After-treatment — ^The subsequent care of all these procedures is 
ve^ similar: rest in the recumbent posture, careful observation, the 
early evacuation of the bowels, and gradual recourse to feeding when 
it is evident that nothing abnormal promises to mar the course of the 
convalescence. The vulva should be kept clean and have a continual 
aseptic dressing. If the patient finds herself unable to evacuate the 
bladder the employment of the catheter cannot be avoided, but the 
surfaces should be sponged with sublimate solution after every 
evacuation. The gauze packing should be removed from the vagina 
on the fourth or fifth day. After the fourth day, it is well to elevate 
the body of the patient to promote drainage, and in all cases encourage 
the patient to lie on either side, at intervals during the entire con- 
valescence, instead of being confined to the back. 

Symphysiotomy is a procedure for securing increased room in the 
pelvis by the division of the ligaments forming the two halves of the 
pelvis. It is an adjimet to other methods of delivery, as, e. g., the 
application of forceps or Vernon. It is indicated with a true con- 
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jugate of between 8.8 cm. and 6.7 cm., or supplemented by craniotomy 
where the conjugate is as low as 5.4 cm. It is indicated in impaction 
of the pelvis with a living fetus, in brow presentation, in funnel pelvis, 
and in the obstruction from kyphotic pelvis where the conjugate is 
7.5 cm. or less. It is of doubtful expediency in mentoposterior posi- 
tions. The entire pelvis must be considered before deciding on this 
operation. As it increases the size of the pelvis at the outlet as well 
as at the brim, it can be considered as indicated in the funnel-shaped 
pelvis, in the justominor, and in the normal pelvis, where the head 
of the child is of excessive size. 

Operation. — There are three principal methods of performing the 
operation: 1. The French or open method. The mons veneris is 
shaved, and after proper cleansing of the surface, an incision, 8 cm. 
to 10 cm., is made in the me<lian line, over the symphysis, to a point 
terminating just above the clitoris. The insertion of the recti muscles 
is partly divided, to permit the introduction of the finger into the 
prevesical space. The symphysis is divided by a few strokes of the 
knife from above downward and from before backward. If the 
separation of the bones is insufficient, it can be enlarged by flexing 
the legs and drawing the knees gently outward. The ligamentous 
mass beneath is divided last of all. A temporary dressing is applied 
to the wound, and the labor is allowed to progress. Some operators 
depend on subperiosteal sutures to maintain the bon^ in apposition 
during convalescence. 2. The Italian or suprapubic method. A 
transverse incision, 3 cm. long, is made 1 cm. above the symphysis 
through which a Galbiati knife is passed behind the symphysis as far 
as its lower border, and with a slight sawing motion cuts through the 
articulation. Novi uses for this purpose an ordinary bistoury, while 
Spinelli has devised a special symphysiotome. Morisani awaits the 
spontaneous expulsion of the fetus, and if this fails to occur, applies 
the forceps. 3. The subcutaneous or American method. The cervix 
is fully dilated, the urethra and the bladder are held to one side with 
a sound, while an incision is made a little above the subpubic arch, 
and beneath the elevated clitoris, through which a small tenotomy 
knife is passed, in front of the joint, and followed by a probe-pointed 
bistoury carried to the top of the joint, where it meets the point of the 
index-^ger of the left hand, introduced into the vagina to guard the 
incision. The knife is carried down through the articulation until 
the latter is felt by the guarding finger to give way. An assistant 
presses gauze against the opening. If possible, the fetus is delivered 
by forceps, and when pressure comes against the pubic bones, the 
bladder is held to one side. After the completion of the labor, a small 
piece of gauze is pressed into the wound, and another larger strip is 
carried into the cervix. The vulva is kept dressed with aseptic gauze. 
The pelvis is rendered immobile by encircling it with wide strips of 
adhesive plaster. The operative procedure abounds in accidents, and 
the post-operative complications are not less formidable. Rubinrot’s 
analysis of 136 cases showed 30 per cent, of septic accidents and fen 
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cases died of sepsis. Suppuration of the wound occurred in 10 per 
cent., and edema of the vulva in an equal number. Hematoma, 
abscess, stitch abscess, fistulas, permanent separation of the bones, 
lymphangitis, cystitis, incontinence of urine, paresis of the bladder, 
urinaiy fistula, bed-sores, infective myelitis, neuralgias, arthritis, 
and disorders of the sacro-iliac synchondrosis are some of the disasters 
charged against the operation. But these are not all. Later, there 
may be disturbance of the gait from permanent separation of the 
symphysis, sacro-iliac disease, discharge of bony sequestra, urinary 
incontinence, and fistulas, vesical paresis, cystitis, and sepsis. The 
mortality in the 136 cases was 11 per cent. — 15 deaths, 13 from sepsis 
and 2 as a direct result of the operation. The infantile mortality was 
19 deaths, or 14 per cent. 

Pubiotomy, Hebotomy, or Hebosteotomy.— This procedure was 
devised by Gigli in 1893, to avoid the dangers incident to the operation 
of symphysiotomy, and was first performed by Bonard, of Lugano, 
in 1897. Gigli insisted on two important points: first, that the 
incision must be outside the articulation of the symphysis; second, it 
must be external to the pubovesical ligament, and lie entirely in bone 
instead of fibrocartilage. The thumb and index-finger of the left hand 
are placed above and below the symphysis pubis and the incision made 
to the right of them through all the tissues to the bone. With two 
fingers in the vagina to guide its course, a blunt needle is carried 
behind the bone. The thread carried by the needle serves to draw 
through a wire saw by which the bone is cut through and the operation 
thus finished. Ddderlein modified the operation by substituting his 
subcutaneous method. A small incision is usually made over the left 
pubic tubercle, through which a blunt curved needle of sjwcial design 
is carried behind the bone to a counter-opening on the labium majus, 
followed by the Gigli saw, by which the bone is severed. Walcher 
and Bumm puncture the skin with the needle, and pass it with the 
guidance of the finger in the vagina. 

The situation of the incision lessens the injury to the soft parts 
in the delivery, and thus makes the operation an advance over the 
operation of symphysiotomy. Of 294 cases of pubiotomy collected 
by Ddderlein, 77 were treated by the open method, with a maternal 
mortality of 10 per cent.; the remainder were by the subcutaneous 
method, with a mortality of 4 per cent. Sarwey reported 120 cases of 
hebotomy, with a mortality of but 2.5 per cent., while in 216 cases of 
symphysiotomy the mortality was 12.8 per cent. 

It would seem that a careful, though hasty, consideration of the 
operation of Cesarean section, with the alternative procedures, cannot 
but impress the conscientious practitioner with the value of the 
former procedure. It is applicable to every form of obstruction, 
while the substitute procedures have their limitations. Even in 
hebotomy, which is a great advance over the incision through the 
symphysis, in a sm^ and rigid vagina, tearing is very likely to 
communicate with the. section through the bone, greatly increasing 
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the danger of infection and prolonged convalescence As we have 
seen, hebotomy in the hands of careful men may have a maternal 
mortality as low as 2.S per cent., and a fetal mortality of only 7 per 
cent., but Cesarean section in the same hands will show, when done 
prior to the beginning of labor, a maternal mortality of 1.2 per cent., 
and a fetal mortality of but 1 per cent. 

Uterine Displacements. — The uterus, like the other viscera of 
the body, has a certain range of mobility, but has, in addition to the 
peritoneal and vascular support, clastic or muscular ligaments. The 
relation of the axis of the pelvis to that of the abdominal cavity, the 
position of the uterus in relation to the axis of the vagina, the direction 
of the latter, and the arrangement of the musculature of the pelvic 
floor are all factors in the maintenance of the uterus in its proper 
relation. As the uterus changes its position with every inspiration 
and expiration, with the varying movements of the body, with the 
empty or distended condition of the neighboring viscera, it is neces- 
sarily diflicult to define what is the normal. The uterus is swung 
between the rectum and the bladder, occupying the axis of the pelvis, 
at right angles to the axis of the vagina, its fundus reaching to or a 
little above a line drawn from the promontory of the sacrum to the 
symphysis pubis, aud the body slightly flexed forward on its cervix. 
Any continued deviation from this position must be considered a 
malposition. 

Classification. — ^The uterus can be displaced upward, downward, 
forward, backward, and laterally. The classification, then, includes 
ascent, descent, dislocations, versions, flexions, and inversion. 

Ascent. — Quite naturally the uterus cannot be displaced upward 
unless as the result of adherent growths, which become so large that 
they can no longer find accommodation within the pelvis, and, as 
they ascend, draw the adherent uterus with them. It may be pushed 
up by a collection of material in the pelvis. The condition requires 
no consideration or treatment beyond that demanded by the compli- 
cation. 

Descent or prolapsus uteri is probably the most frequent form of 
uterine displacement, and occurs in both the nulliparous and the 
multiparous woman, but with much greater frequency in the latter. 
' According to its extent it presents three degrees: First, when the 
organ is situated at a lower level in the pelvis, frequently in the 
position of retroversion; second, when the os or a portion of the cervix 
protrudes from the vagina, and the third, when the uterus, with or 
without the vagina, is situated outside the vulva. The displacement 
may be divided into the incomplete and the complete; the projection 
of the third degree is a complete prolapsus, and is also known as 
procidentia. The condition is also divided into three varieties, 
•according to its relations, as the uterovaginal prolapse, when accom- 
panied by nothing more than the portion of the vagina normally 
envelopmg it; vagino-uterine prolapse, when preceded by the va^H 
in the form of partial or complete inversion of that can^; ahd thii^ 
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pseudoprolapsus, when the cervix or os projects at the vulva, and 
examination reveals that the projecting portion is confined largely 
to the intravaginal portion of the cervix, which has undergone hyper- 
trophy. In the second variety the prolapse of the vagina is, for the 
most part, confined to the anterior wall, and the examination of a 
mass which, from inspection, would be regarded as a complete pro-' 
lapM, will be found to be a hypertrophic elongation of the supra- 
vaginal portion of the cervix. 

Etiology . — Prolapsus is most frequently a sequel of parturition. 
The conditions productive of prolapsus may bo divided into those 
causing decreased support, as laceration of the pelvic floor, over- 
stretching of the musculature from repeated parturition, divulsion 
of the levator ani muscles, permitting a hernia of the subjacent 
tissues, a general loss of muscular tone, and a diminished inclination 
of the pelvis, which permits the intra-abdominal pressure to be more 
directly applied to the uterus. Second, increased weight of the 
uterus, as in subinvolution of the organ, the presence of growths within 
its walls, and changes resulting in chronic inflammation. Third, 
increased intra-abdominal pressure. This may be produced by 
growths within the abdominal cavity which so distend the cavity that 
the movable viscera are displaced as a hernia, the accumulation of 
large quantities of fat in the omentum and mesentery, more fre- 
quently neglect of proper hygiene, straining at stool from obstinate 
constipation, lifting heavy weights, the effort to continue the same 
waist measurement notwithstanding an accumulation of fat. The 
woman, as a rule, does not understand that there must be a compen- 
satory displacement of the viscera when she vehemently contracts 
her stays, and thus hopes to conceal the gradual accumulation of 
adipose tissue. Not infrequently the displacement is expedited by 
the presence of the three classes of forces mentioned. 

Symptoms and Signs . — ^The patient, generally a woman who has 
given birth to one or more children, complains of a sensation of weight 
and pressure or dragging when standing or walking, a burning in the 
bladder, and a feeling that all her viscera are about to drop through 
the pelvis. As the condition progresses the patient recognizes that 
there is a pressure on the vulvar opening, and at times a protrusion 
which gradually becomes larger and more persistent when she is on 
her feet. The protrusion disappears when she lies down, and_ is 
greatly increased by straining or lifting. Neglect of the condition 
results in the continuous protrusion from the vulva of the greater 
part of the vagina and the entire uterus. The tumor, thus protruded, 
nibs against her legs, against the clothing, is soiled and irritated by 
contact with the urine, and its vitality lessened by the engorgement 
from interference with the circulation. Not infrequently extensive 
ulcers or gravity sores form, which greatly add to the di^mfort. 
Occasionally I have seen epithelioma develop on the protruding mass. 
The exposure of the vagina causes its surface to bocome_dry and hard, 
covered with scales of desquamating epithelium, its walls thickened 
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and indurated, making replacement of the organ difficult. The 
extensive prolapsus causes increasing disturbance of the bladder; a 
portion of this reservoir comes to lie below the level of the internal 
orifice of the urethra, and, as a consequence, is emptied only when the 
protruding portion is pushed back. The retained urine soon under- 
goes ammoniacal decomposition, producing cystitis, increased forma- 
tion of mucus, and deposits of the urine salts, which often result in the 
formation of calculi. I had under observation for a considerable 
length of time a patient who, unwiUing to submit to operative inter- 
ference, had a calculus form in such a sulcus every six months. 

Diagnosis . — ^Women regard every protrusion from the vulva as 
falling of the womb, and in the majority of cases this will be correct. 
If the patient is placed in the dor^ position and directed to strain, 
the protrusion can be recognized, and its position will determine its 
character. If the protrusion is rounded, smooth, continuous with 
the line of the urethra, and with or without the cervix and os at its 
most dependent portion, it is denominated a cystocele. The finger 
introduced into the vagina passes behind the protruding mass. When 
accompanied by the cervix, the condition is generally associated with 
hypertrophic elongation of the supravaginal portion of the cervix. 
The protruding tumor in some cases may be seen to involve the 
posterior vaginal wall, and is continuous with the posterior vulvar 
commissure, when this still exists, and is known as a rectoccle. Both 
the rcctocelc and the cystocele may coexist, and when associated with 
the presence of the uterus, the condition may be known as vagino- 
uterine prolapse. Occasionally the protrusion from the vulva is a 
more or less enlarged cervix. When examination discloses that the 
cervix is not elongated, but that the protruding mass is the uterus, 
the condition becomes a uterovaginal prolapse. If, on the other hand, 
the protrusion is found to be an elongation of the intravaginal portion 
of the cervix, and the body of the organ is but slightly, if any, displaced, 
it is called a pscudoprolapsus. The visual appearance of the latter 
does not differ from that of prolapse of the second degree. The 
existence of prolapsus of the third degree is determined by grasping 
the protruding tumor between the thumb and fingers of one hand, or 
placing the fingers of one hand behind the mass, and pressing against 
the neck of the tumor with the fingers of the other. In the procedure 
the uterus in complete prolapse will be within the hand in the first 
instance, and below the fingers in the other. In both instances the 
round cord of the elongated cervix will be felt to roll between the 
fingers in incomplete prolapse. Complete prolapse is known as pro- 
cidentia. Inversion of the uterus, fibroid polypi, and tumors of the 
vagina are sometimes mistaken for prolapsus, but a careful examina- 
tion by the introduction of one or two fingers in the vagina and the 
hand over the abdomen diould leave no question as to the exact 
condition present. 

Treatmsnt.— The treatment of prolapsus may be prophylactic, 
mechanic, and operative. The prophylactic consists m the correctioQ 
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of the conditions productive of the lesion, and in some cases must, 
to a certain extent, be operative. It involves the immediate or early 
repair of lacerations of the cervix, vagina, and perineum, if injured 
during labor; the regulation of the bowels and the avoidance of causes 
productive of severe downward pressure, as lifting and straining, 
proper regulation of the clothing in order to decrease the intra- 
abdominal pressure, and the correction of uterine displacement, 
especially the rotro^splacements. The mechanic treatment consists 
in replacing the organ and the employment of measures to prevent 
the return of the displacement. The instrument most frequently 
employed is some form of pessary, which acts cither by so distending 
the vagina that the instrument is supported by the lower vaginal 
structures, or, where these are insufficient, some external support in 
the form of a stem secured to a belt about the waist. Where the 
pelvic floor is destroyed or vagino-utcrinc prolapsus exists, the 
external support is the only one which can be retained. The pessary 
with external support is always a source of irritation both at the vulva 
and the cervix, while the mbber tubes or bands become foul and 
produce a certain amount of disagreeable odor. Pessaries, whether 
ring, disc, hard rubber, or glass ball, or the variously curved instru- 
ments, are often worn for years and serve the purpose of rendering 
comfortable patients otherwise unfavorable for operation or unwilling 
to submit to such a procedure. After the instrument is worn for a 
time it produces an irritation of the vaginal wall which leads to a 
chronic inflammation of the structures and contraction, which serves 
to retain the organ in place, especially after the reduction in its size 
following the maintenance in a higher position. At other times the 
increased secretion causes a deposit of the salts on the surface of the 
pessary, which roughens it and leads to ulceration anil the formation 
of granulations. TTic irritation thus produced will not infrequently 
lead to a pessary becoming embedded in the vaginal walls. When 
pessaries were frequently employed, it was a not unusual experience 
to be required to remove a pessary that had been worn for years and 
had produced so much contraction that it was difficult to displace it. 
Care had to be exercised in the use of instruments to prevent the 
glass-ball pessary from being broken. The breaking of such a pessary 
has led to puncture of the bladder by the fragments and the production 
of a vesicovagmal fistula. When the late Dr. Levis had this accident 
occur, he filled the vagina with plaster-of-Paris, and when the plaster 
had completely hardened, enveloping the glass fragments, he^ then 
delivered the mass without injury to his patient. I have delivered 
several such pessaries by carrying two fingers of one hand into the 
rectum over the pessary, by which it was crowded against the outlet 
of the vagina, while the latter was stretched with the remaining 
fingers until the pessary was delivered. The pessary is to-day rarely 
rarely, indeed, that the profession does not realize its i^i- 
bilities. When it is worn, the patient should have an occasional 
examination to see tiiat the instriiment is doing no injury. While 
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it is important to keep the parts clean, the vagina should not be 
irrigated with solutions of the mineral astringents, for fear of the 
material being deposited on the surface of the pessary and thus making 
it a source of irritation. 

Operative Treatment . — ^The operative measures for the relief of 
prolapsus must be based on the causes of the displacement; hence 
the first consideration is the decrease of the size of the organ. If the 
seat of chronic infiammation, the uterus is curetted, a long or inflamed 
cervix is amputated, and the cervical and vaginal mucosa united to 
prevent stenosis of the canal. If the cervix has undergone elongation 
of its supravaginal portion, the bladder should be dissected away from 
the cervix to the peritoneum or above it, and a good part of the cervix 

amputated, after which the 
bladder should be attached 
to the uterus above the neck. 
The anterior vaginal wall 
should be resected trans- 
versely for the space of 2 or 
3 cm. in the center of the 
protrusion, thus removing 
an elliptic section, extend- 
ing from just behind the 
urethra to the upper border 
of the vagina. The first 
suture is introduced from 
the mucous surface of the 
upper edge of the vagina, 
then through the edge of 
the cervical mucosa back 
through it, 5 cm. from the 
point where it emerged, and 
then through the upper 
edge of the vaginal section 
again, on the right; the 
tying of this suture unites 
the vaginal - and cervical 

Fw, i86.-pbol*«p». antsiuo. colpohmapht. Hiucosa; suturcs are then in- 

sei^d in the anterior lip on 
either side of this anchor suture, the posterior flaps are united, and 
then the lateral angles are closed. The next step is to close the edges 
of the resected surface on the anterior wall, each suture gathering 
up a portion of the bladder to guard against dead spaces and to raise 
up the bladder. Where the woman has passed the climacteric, this 
operation can be modified by opening through the vesico-uterine 
peritoneum, and, after drawing down the fundus, suture the vesical 
portion of the peritoneum to the fundus, or even to its posterior su^ 
face. Whmi the fundus uteri is pushed back, it holds up the bladder 
and is iti^: {prevented from reassuming a retroverted position. Such 
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a procedure would be reprehensible prior to the climacteric, as the 
position and fixation of the uterus would greatly complicate a subse- 
quent gestation and labor. The measures so far advised only in part 
restore the desired support. The next step is the restoration of the 
posterior segment of the pelvic floor as the support for the anterior. 
Beginning at the remnant of the caruncula myrtiformes on the left 
side, an incision is carried around the vulva at the junction of the 



Fio. 156 .— Fundus Drawn Forward and PaRiTONSUM ok Bladder Sutured Behind it. 

vaginal mucous membrane with the skin, to a point opposite on the 
right side. An opening is made between the vagina and rectum until 
it has been carried to a point corresponding to the summit of the 
posterior eversion of the vagina. This flap is held while sutures are 
introduced beneath it, picking up the levator ani muscle on each side 
and drawing them to the median line. These sutures also pick up 
the rectal wall and the inner surface of the anterior or vaginal flap, 
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and, after they are tied, the edges of the wound are united by a con- 
tinuous catgut suture which completely buries the previous sutures. 

The operation completed has narrowed the vagina from side to 
side, and brought together in front of the rectum a good layer of the 
levator ani muscles, and thus insured a good muscular floor. Where 
this operation has been performed as described, for the majority of 
the patients who have passed the climacteric nothing more need be 
done, but in some cases the intra-abdominal pressure is not sufficiently 
antagonized, and it is necessary to open the abdomen and shorten the 



Fia. 157. — Hybterectomt in Fbolapbub, with Outline of Incision in Antbhior Vaginal 

Wall. 

ligaments to secure the patient from the redevelopment of the con- 
dition. The round ligaments may be shortened, or the operation of 
ventrosuspension be done, both of which will be described later. 
Where marked prolapsus has existed, this operation results sooner or 
plater in the uterus dragging from its anchorage, be it theliga- 
'ments or an artificial one constructed by the suspension or even 
fixation. In such cases it is wiser to anchor the cervix by dragging 
up the posterior uterine pouch and suturing its peritoneal suiface, 
and thus draw the cervix upward and backward. When it ciiui be 
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done, it is better to retain the uterus in prolapse and utilize it to 
prevent subsequent heniia through the vaginal canal. I have seen 
just as large protrusions from the vagina subsequent to hystercetomy 
as when the uterus formed the principal part of the mass. Numeiuus 
cases will occur, however, in which, because of suspicion of malignancy, 
the presence of gravity sores, extensive hypertrophy and laceration 
of the cervix, the removal of the uterus will be properly considered 
the wiser course. The operation is performed as follows: Beginning 
behind the urethra, an elliptic incision is carried over each side of the 
front of the vagina and around the cervix. The flap thus outlined is 
dissected from the anterior 
wall of the vagina, exposing 
the bladder; the latter is 
separated from the cervix 
to the peritoneal reflection. 

The lower part of the broad 
ligament is separated from 
the cervix, and the uterine ar- 
teries, if severed, are clampcnl 
and ligated. A suture liga- 
ture is inserted into each side 
of the vagina nearest to the 
point where the latter was 
separated from the anterior 
portion of the cervix and se- 
cured by a clamp forceps. 

The anterior peritoneum is 
opened and the fundus uteri 
brought through the opening. 

Where possible, the ovary and 
tube are included on each 
side, and the ligament ligated 
above the appendages, after 
which a clamp forceps is ap- 
plied above the ligature. The 
ligature thus inserted and tied 
secures the ovarian artery on 
either side. The remaining 
portion of the ligament is cut, 
keeping watch for bleeding vessels. The edges of the peritoneum and 
the posterior wall of the vagina are united by sutures. At the point of 
the temporary suture on the left side of the vagina a suture is carried 
through the vaginal flap, picks up the peritoneum, passes back through 
it 5 cm. to the right, and is brought out through the right flap at the 
site of the other temporary suture and tied, while the peritoneum is 
joined to the vagina by sutures on either side of this suture. At the 
left angle of the vagina a suture is carried through both the vaginal 
Rnd peritoneal structures, the broad ligament held down by forceps, 
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and through the posterior folds of peritoneum and the vaginal wall. 
A similar suture is carried through the structures on the right side, 
and both are tied. While traction is made on the stumps and sutures 
uniting the vaginal and peritoneal surfaces, the opening is encircled 
by a purse-string suture carried around the peritoneal surface, and, 
when tied, the peritoneal cavity is closed. The ligatures and sutures 
are all cut short, and the vaginal walls closed over the bladder in 
front. The vagina is packed with iodoform gauze, and the pelvic 
floor restored, as in the operation described for prolapsus uteri where 
the organ is retained. By the method of operating all the sutures and 
ligatures are placed outside the peritoneal cavity, and the vagina is 
so secured to the upper part of the broad ligaments that it cannot be 
prolapsed and shortened. The procedure affords the greatest pro- 
tection against subsequent hernia through the vagina. In the per- 
formance of the operation twenty-day chromic catgut is used through- 
out for both ligatures and sutures. The result is that there are no 
sutures to be removed, and the patient is spared the worry and 
discomfort of their removal, which often causes more discomfort than 
the operation itself. 

Dislocations of the uterus may be anterior, posterior, and 
lateral, and are the result of inflammation. In the development of 
the inflammatory process there is thrown out a large quantity of 
exudate, which presses the uterus to one side or in the opposite 
direction, but later, as this collection is absorbed and the cellular 
tissue undergoes contraction characteristic of scar tissue, the uterus 
is drawn in the direction of the former inflammatory collection and 
rigidly held there. When the inflammation has been in the upper 
part of the broad ligament on the one side, and in the lower, on the 
other, the organ becomes fixed across the pelvis; if, in addition, one 
of the uterosacral ligaments has been involved, there is a torsion, as 
well as the fixation, above mentioned. This form of displacement 
has little significance from the surgical standpoint. 

The uterus may be rotated on a transverse axis either forward or 
backward, or on an anteroposterior axis to the one or the other side. 
Such displacements are known as versions. 

Anteversion is a displacement of the uterus in which the fundus 
lies forward and sometimes downward, and the cervix backward and 
upward. - It may be the result of chronic inflammation of the uterus 
and of any condition which causes increased weight. The organ may 
be freely movable or fixed by adhesions, or the presence of exudate 
in the cellular tissue about it. The thickening and enlargement 
generally cause an obliteration of the normal flexion. The condition 
may be associated with inflammation of the uterosacral ligaments. 
The latter are usually associated with anteflexion, but when the 
utqrine walls are rigid from inflammation, it causes the cervix to be 
drawn up and increases the version. 

St/mptoms , — ^There are no symptoms characteristic of the dis- 
placement, but rather those of conditions producing it. Where the 
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uterus is fixed by inflammation, more or less frequency of micturition 
is likely to be present, and I have seen in some cases a boring pain in 
the symphysis which is at once relieved by the employment of measures 
to elevate the uterus. 

Diagnoda.-^The history is unlikely to indicate anything further 
than that the patient has some pelvic trouble. The bimanual exami- 
nation discloses the cervix high in the vagina, and the resisting body, 
continuous with it in front, the body and fundus nearer to the sym- 
physis than is normally found. This examination reveals the amount 
of fixation and inflammatory infiltrate with which the uterus is some- 
times embedded. 

Treatment . — The introduction of a retroversion pessary by holding 
the uterus at a higher level, paradoxic as it may seem to increase the 
displacement, affords relief. An abdominal belt, by reducing the 
intrarabdominal pressure, adds to the patient’s comfort. 

Anteflexion. — Flexion differs from version in that the uterus is 
bent on its own axis, and in the form under consideration the fundus 
lies forward, while the cervix is more or less in the axis of the vagina. 
The flexion may be slight, but little more than normal, or very acute, 
in which the body and cervix seem to lie in contact. The anterior 
wall at this point of marked flexion undergoes a substitution of con- 
nective tissue fur the muscular structure, and on the posterior surface 
the wall is thinned. The flexion may be mobile or immobile; in the 
former the walls being soft and the fundus heavy; the position of the 
organ may change with the position of the body or the amount of 
distention of the adjacent organs. This condition, if unrecognized, 
will not infrequently lead to differences of opinion regarding the 
diagnosis, as one person may find the uterus anteflexed and the next 
retrofiexed. The immobile flexion is fixed. 

Etiology . — Anteflexion is less frequent in the parous woman than 
the retrodisplacements. It is more frequent than any other dis- 
placement in the unmarried and the nulliparous. The condition is 
congenital when the organ retains its infantile character,- with a long 
cervix occupying the axis of the vagina, the fundus being of necessity 
bent forward. Inflammation of the uterosacral ligaments or of the 
cellular tissue posterior to the cervix, by dragging the latter upwwd 
and backward, produces a flexion of the upper part of the cervix. 
Growths in the fundus or upper portion of the posterior wall produce 
bending forward, as does inflammation of the site of the placenta in 
the posterior wall. Here the involution is more rapid in the unin- 
flamed anterior wall, which acts as the string to the bow, bending the 
uterus forward. 

SyrnfUme. — Anteflexion, unless accompanied by inflammation, 
does not cause symptoms. Those most frequently ascribed to this 
displacement are dysmenorrhea and sterility, but not infrequently 
in marked flexion neither of these symptoms is present. The existence 
of the displacement renders drainage defective, and thus favors the 
occurrence of infective processes. The extension of inflammation 
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from the uterus to the adjacent bladder is the cause of irritable bladder, 
frequent micturition, and discomfort in the evacuation. 

Diagnosis . — This form of displacement is readily recognized by 
bimanual palpation. The cervix occupies the axis of the vagina, 
or may project slightly forward, while a distinct angle is recognized 
between it and a mass in front, which, from its contour and size, is 
recognized as the body of the uterus. By pressing the fingers in the 
vagina against the lateral portions of the uterus, the continuation of 
the cervix with the body can be readily appreciated, and with two 

fingers in the vagina against 
the fundus and the other 
against the cervix, while pres- 
sure is made from above with 
the external hand, the amount 
of resistance of the flexion is 
determined and the condition 
made certain. If there should 
be any doubt as to whether the 
mass is a fibroid growth in the 
anterior portion or the fundus 
of a flexeil uterus, the proce- 
dure just described will re- 
solve it. 

Treatment . — Anteflexion re- 
quires treatment only when 
it is complicated, and conse- 
quently produces symptoms. 
It is a very frequent custom to 
dilate and curette the uterus 
for this form of displacement, 
and in the milder cases it 
may be efiicient, but the more 
severe cases will be relieved 
for only a short time. 1 think 
it better that the procedure 
should be followed . by packing 
the uterus with iodoform gauze; 
this maintains the canal m a 
straighter line, and the resulting inflammation serves to stiffen the 
walls and insure a partial obliteration of the angle of flexion. On the 
same principle the hard-rubber or glass drainage-tube devised by 
Wylie affords relief. Of a number of operative procedures, that 
devised by E. C. Dudley seems most worthy of employment (Fig. 169). 

DvMey’a Operation in Anteflexion . — After the uterus is curetted 
the cOTvix on eithw side is seized with a double tenaculum, and the 
posterior lip split to the attachment of the vagina; from each side of 
this mcision a wedge-shaped section is removed, and the external 
margin, or that portion nearest the os on each side, is sutured to the 



Fig. 159. — Dudley’s Operation for Anteflexion. 
(Monifcomery.) 
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bottom of the incision. This procedure forms a new os at a higher 
level, and the cervix may be thrown still further back by removing a 
section transversely across the anterior lip and uniting the edges by 
transverse sutures (Fig. 160 ). When the conditions are favorable 
for pregnancy and it occurs, the termination of the pregnancy generally 
cures the condition. The cases should be carefully studied before 
being subjected to operation, for rheumatic and gouty conditions are 
not infrequently the cause of severe dysmenorrhea and surgical inter- 
ference either is ineffective or aggravates the condition. 

Retroversion. — ^The backward 
displacements are more common 
in women who have given birth 
to children. In retroversion the 
fundus is situated backward, 
while the cervix is directed for- 
ward against the bladder. The 
extent of the displacement may 
vary by a slight variation with 
the uterus in the axis of the 
vagina, or directed forward to- 
ward the symphysis, and the 
fundus deep in the pelvis. Re- 
troversion is considered the first 
stage of prolapsus. 

Etiology . — The most frequent 
cause of this displacement is 
some lesion or sequel of prep 
nancy, although it may occur in 
the unmarried. Relaxation pf 
the uterine ligaments, particularly 
the uterosacral, is a prolific factor, 
and is produced by neglect of 
proper hygiene, such as the reg- 
ular evacuation of the bowels, 
permitting the bladder to become 
greatly distended, and improper 
dress. Tight lacing is the most 
frequent cause; the organ may 
be pushed out of place, and intra-abdominal pressure being directed 
against the anterior surface, stiU further aggravates the displ^ment. 
It may occur by falling from a height and striking on the buttocks, 
pftrt.iV. iiiB.T ly if the uterus at the time be pushed back by a distended 



Fig. 100.— Dudlbt’ii Operation fob Abite- 
FLBXioN Completed. (Montgomery.) 


Symptoms.— Here, as in most of the other displacements, the 
symptoms are those of the complicating conditions. These produce 
a sensation of weight, pressure, and dragging, not infrequently a 
feeling that all the pelvic viscera are going to drop out. Menstiuation 
is disturbed; the flow is increased and prolonged; frequently there is 
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an irregular bloody discharge during the intervals of menstruation, 
and generally an increase of leukorrheal discharge. The projection 
of the cervix' against the bladder causes vesical distress and' frequent 
micturition. The pressure of the body of a heavy uterus on the 
rectum causes congestion of the anal vessels, the occurrence of con- 
stipation, the formation of hemorrhoids, and not infrequently the 
development of a fissure of the anus. No woman should be subjected 
to operative interference on the rectum without careful examination 
of the size and situation of the uterus. 

Diagnosis . — The cervix will be in the axis of the vagina or directed 
forward, and the finger passing backward remains in contact with 
the posterior surface of the uterus through the vagina, while the 
pressure discloses the absence of the uterus in the anterior vaginal 
fornix. The finger in the rectum may be passed over the fundus and 
palpate the anterior uterine surface. 

Retroflexioii. — ^This form of flexion is very frequently a sequel of 
version, the uterus being retroverted, the cervix somewhat fixed, and 
the body driven down by the intra-abdominal pressure. It also 
results from metritis, inflammation of cellular tissue in front of the 
cervix, and inflammation of the site of the placenta on the antoior 
wall of the uterus. The cervix is generally in the axis of the vagina, 
and the extent of the flexion may vary from a slight bending backward 
to a complete or acute angle between the cervix and body. The 
flexion may be mobile or immobile; the latter may be fixed by exten- 
sive adhesions in the adjacent peritoneum. 

Symptoms . — When uncomplicated, retroflexion may present no 
symptoms, but the interference with the circulation favors the develop- 
ment of infectious processes. With the onset of inflammatory com- 
plications the patient experiences a, sensation of weight, dragging, 
and pressure on the anus. Not infrequently the pain and discomfort 
in the anus are so marked that the patient is led to believe that the 
anal condition is the important lesion. Hemorrhoids, fissures, and 
irritation are frequently associated with the displacement. Occa- 
sionally there will be points of anesthesia over the thighs and an 
uncomfortable sensation down the posterior surface of the lower 
extremities. Rarely, locomotor ataxia is so closely simulated as to 
cause that disease to be diagnosed by careful neurologists, and the 
f^acy 4 dispelled only by the entire recovery of a patient after the 
restoration and maintenance of the uterus in its normal position. 
The pressure of a large uterus on the rectum may cause obstinate 
constipation and produce the sensation that the intestine is obstructed. 
Menstruation may be variously disturbed, irregular, and profuse, the 
periods bemg either prolonged or shortened, and the intervals 
shortened. Leukorrhea is generally profuse. 

Diagnosis . — Bimanual examination reveals the uterus at a lower 
levtil, with the cervix in the axis of the vagina or a little in front of it, 
and, as the fingers pass back toward the rectum, a rounded mass is 
discovered, between which and the cervix there is a more or less 
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well-marked angle. The organ may be movable or ^ed. In the 
former, between the manipulation of the two hands, the mass can 
be distinctly outlined, and the condition accurately recognized, but 
when fixed, and especially in the presence of considerable exudation, 
it may be exceedingly difficult to ascertain the position of the uterus. 
The conditions which may be mistaken for retroflexion are a sub- 
peritoneal fibroid tumor in the posterior wall of the uterus, an ovarian 
growth adherent in the retro-uterine pouch, and the presence of an 
inflammatory exudate. The displacement can generally be differen- 
tiated from the fibroid by the shape and size of the latter and the 
recognition of the fundus anteriorly when the latter is present. 
Examination by the introduction of a finger in the rectum will be of 
advantage in all these cases, and iphould be regularly employed.* It 
frequently must be practised with the greatest care, because of the 
existence of hemorrhoids or fissures, which make it exceedingly pain- 
ful. In ovarian tumors, the majority of which are cystic, the sensa- 
tion of fluctuation, or at least elasticity, is so likely to be present that 
it at once affords the suspicion of its true character. This is con- 
firmed by more careful manipulation, which will disclose that the 
uterus is adherent to the growth and is not a part of it. In inflamma- 
tory exudate the mass is more or less irregular and involves the 
rectum and the surrounding structures. It may be so extensive as to 
envelop the fundus and render uncertain its position, but in such cases 
the diagnosis of displacement is of secondary consideration. The 
examination is frequently rendered difficult by an abdomen so rigid 
from pain or fear of it that she will not codperate with the physician 
and relax her muscles. In such cases it may be well to employ an 
anesthetic. 

Treatment of Retrodisplacements. — As the treatment of retro- 
version and retroflexion are very similar, in order to prevent repetition 
1 prefer to consider them together. It has been asserted that dis- 
placements do not of themselves give rise to symptoms, from which 
one would naturally infer that all that would be necessary would be 
to treat the complication and the patient would be irdieved, but 
experience has demonstrated that the displacement must be corrected 
or the distress engendered by the complication will not be dis- 
pelled. The treatment may be considered as hygienic, mechanic, and 
surgical. 

The hygienic treatment consists in the regulation of the bowels, 
the removal of causes for increased intra*abdominal pressure, such as 
tight lacing, the wmght of skirts about the waist, and the lifting of 
heavy weights. Shch patients should be advised to avoid the dorsal 
position and to assume the genupectoral position for ten or fifteen 
minutes before going to bed, and durmg this time have the vulva open 
to the entrance of air, so that the atmospheric pressure will carry the 
womb upward. This can readily be accomplished by inserting the 
nozzle of a syringe into the vagma. When she lies down, she should 
lie on the side, or, better, in the semiprone position, with the undw 
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leg extended and the upper flexed and carried forward. These 
measures are of value in the treatment by mechanic measures. 

The latter comprise the employment of measures to maintain the 
uterus in its proper place by tampons and pessaries. As a preliminary 
to any effective treatment the displaced organ must first be placed in 
proper position. The pessary is only a crutch which serves to main- 
tain the organ in its place until the forces of involution so reduce its 
size that its natural forces are able to maintain it. The readiness 
with which the organ can be replaced will depend on its mobility or 
immobility, whether it is free from adhesions or more or less fixed to 
the surrounding tissues by inflammatory bands. The mobile uterus 
is replaced in one of two methods: first and most frequent, the 
patient in the dorsal position witt^ the limbs drawn up; two fingers of 
one hand, where its size will permit, are inserted into the vagina — 
one, the index, in front of the cervix; while the middle finger passes 
into the posterior fornix and pushes up the fundus, the first finger 
draws back the cervix. This combined movement tilts the fundus 
forward until it can be seized by the fingers of the hand over the 
abdomen and drawn toward the symphysis. By this procedure, 
after the internal fingers have displaced the fundus from beneath the 
promontory of the sacrum, they push the cervix backward and 
upward, to the external hand. Occasionally the promontory forms 
such a projecting angle that the fundus is certain to be caught beneath 
it, and seems obstinately fixed. In such cases the employment of a 
tenaculum by which the cervix can be drawn down while the body of 
the organ is pushed forward from the vagina, or, still better, by a finger 
in the rectum, the fundus passes from under the promontory, and 
then is pushed back and upward by the tenaculum. Second, the 
patient is placed in the genupectoral position, and the vulva opened 
to permit the entrance of air, by which the vagina is ballooned and 
the entire uterus carried upward so far as the length of the vagina 
will permit. It should not, however, be taken for granted that the 
uterus is thus easily replaced, for in the majority of cases it retains 
the malposition. Traction on the cervix downward and backward 
will render the fundus certain to fall forward unless held by adhesions. 

After the uterus has been replaced by one of the methods described, 
it is ready for the introduction of the pessary by which it is to be kept 
in position. This instrument, preferably a Smith-Hodge, or some 
modification thereof, should be chosen with especial reference to the 
physical conformation of the patient. The instrument should be 
made to fit the patient and not the patient the instrument. It should 
be lar^ enough to maintain its position without' undue pressure at 
any point. The size can be readily determined by passing two fingers 
of one hand in the vagina, and carrying them behind the uterus as 
high as they will go without discomfort to the patient, and then 
in'dicate the inferior margin of the symphysis. One centimeter less 
than this measurement would afford the proper length. The width 
is determined by the distance the fingers can be readily separated 
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wit^ the vagina. Where the displacement has existed for a length 
of time, the vaginal walls, both anterior and posterior, become short- 
med, the pessary has no purchase to maintain its position, and so is 
ineffective. In such cases the fornices should bo reconstructed by 
having the patient wear a series of tampons, replaced at frequent 
intervals. 

The pessary is inserted with its wide posterior bar parallel to the 
axis of the vulva, and after it has been inserted half its length, is gener- 
ally rotated transversely and the finger against the posterior bar 
carries the instrument behind the cervix in the posterior fornix of the 
canal. As wiU readily be seen by inspection of a diagram of a pessary 
in correct, position, the instrument supports the organ forward by 
drawing upward on the cervix through its pulley-like action on the 
posterior wall of the vagina. The pessary is not serviceable then 
when any adhesions exist which render its replacement difficult. It 
is of little service where the cervix is short, or at least that petition 
known as the portio vaginalis. It cannot be employed satisfactorily 
in the presence of laceration of the cervix, cicatrization in the vagina, 
and in contraction of the posterior vaginal fornix. It should not 
be employed in the virgin vagina. The cases in which it is most 
serviceable, and hence can be said to be indicated, are those in whom 
partui'ition has been recent, and' the displacement the result of sub- 
involution, the ligaments being unable to maintain the heavy organ. 
In such cases it promotes resolution and permits the organ to reach 
a size that will enable its normal ligaments to support it. The pessary 
is of no service in marked retroflexion, as in such coses the fundus will 
probably be pushed behind the posterior bar and the flexion thus 
increased. Where the instrument is worn for a long time, the patient 
comes to feel that it is necessary to her existence, even after the uterus 
shows no disposition to become retroverted. Pessaries are so infre- 
quently employed at the present time that the profession is likely to 
overlook the fact that in this instrument a valuable auxiliary is found 
for the treatment of suitable eases. In inflammatory cases, where the 
presence of pus can be excluded, pelvic massage, supplemented by 
tampons, may obviate the necessity of operative interference. Except 
when the condition is recent, the treatment requires long-continued 
practice and is associated with danger of injury to the tubes and 
ovaries when these orgas are embedded in the pelvic exudate. 

Schultze advocated breaking up pelvic adhesions, by inserting two 
fingers in the rectum, carrying them above the fundus, and hooking 
them forward, so as to drag the bowel away from the uterus, which is, 
at the same time, pushed up by the thumb in the vagina. This 
method is very effective in recent cases, but when one considers that 
the tubes and ovaries arc also adherent and the difficulty of separating 
these structures without injury, when we can have the advantage of 
an open abdomen, it will be understood that it is unwise to undertake 
so blind a procedure. It seems to me apparent that the cases of 
mtrodisplacement sufficiently annoying to demand treatment must, 
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in the great majority of cases, be relegated to the realm of surgery for 
satisfactory treatment. 

The operative treatment of this class of cases has occupied the 
attention of gynecologists for many years, and a great variety of 
expedients have been devised. They comprise both vaginal and 
abdominal procedures, and are to some degree dependent on the age 
of the patient for whom the treatment is to be employed. A measure 
which may be accepted after the climacteric, because of the absence of 
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danger from subsequent pregnancy, would be entirely unjustifiable 
prior to the menopause. The vaginal procedures were found so 
particularly prejudicial during and at the termination of gestation 
that they are now in disfavor unless as a part of the treatment of 
retrodisplacement complicated by prolapsus in women subsequent to 
the climacteric. The abdominal operations cmnsist either in shoiteB'? 
ing of the ligaments extraperitoneally or intraperitoneally, or the 
construction of more or less definite artificial ligaments. 
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The Alexander Operation . — In the order of seniority may be cited 
the procedure bearing the name of Alexander, which was suggested 
as early as 1840 by a Frenchman named Alquie, first performed by 
Adams, and two months later by Alexander, who made the first report 
(Fig. 161). The operation requires two incisions, one on either side. 
An incision, 6 cm. long, is made just above and parallel to Poupart’s 
ligament, terminating at the spine of the pubes, and extends through 
all the tissues to the aponeurosis of the external oblique, when the 
round ligaments are disclosed between the pillars of the ring, 

enveloped in a mass of fatty tissue. A hook is passed beneath the 
ligament, by which it is raised and detached from the posterior fibers, 
seized by a pair of hemostatic forceps, and drawn out for from 4 cm. 
to 10 cm., according to the resistance. A similar procedure is followed 
on the opposite side, after which the ligaments are drawn upon until 
the fundus is brought beneath the pubes when they are secured to 
the pillars of the ring. Vaiious modifications of the procedure have 
been devised. Edebohls splits the canal from the external to the 
internal ring and completes the operation as in the Bassini operation 
for hernia. Newman made the incision directly over the internal 
ring and drew out the ligament. - Franklin Martin cut each ligament 
at its external end, and carried one ligament across beneath the 
superficial fascia and tied it to the opposite ligament. Goldspoon 
stretched the internal opening to permit the introduction of the finger 
through it to investigate and break up adhesions. This procedure 
was necessarily of limited application, in that it is a more or less blind 
operation, and consequently applicable only to those cases in which 
the absence of adhesions is evident. The traction of a uterus drawn 
forward by shortened ligaments and backward by adhesions between 
it and the rectum makes the last condition of such a woman worse 
than the first. 

Ventromspension and verUrofixcUion was a procedure devised by 
Olshausen and perfected by Kelly. The necessity for this procedure 
grew out of the limitations of the Alexander operation. It consisted 
of an mcision, 4 cm. long, just above the symphysis, in the median 
line, through the peritoneum and all the suprajacent structures. 
The uterus is separated from adhesions, the ovaries and tubes 
inspected, and subjected to such treatment as the conditions may 
demand, and the uterus brought forward and secured to the peri- 
toneum at the lower angle of the wound. . The sutures are inserted . 
into the fundus at its center, or a little back of the center, so that the 
anteflexion of the normal uterus is slightly increased. Generally, 
two sutures, about eight millimeters apart, ore introduced into the 
fundus. When a short ligament or a direct fixation is desirable, it 
is the rule to push back the peritoneum and make the suturing between 
the muscle and the fundus of the uterus (Fig. 162). The suspension 
sutures were formerly buried sutures of silk, silkworm-gut, imd occa- 
“iionaUy of silver wire, but these buried sutures so frequently gave rise 
" o irritation and suppqration during convalescence or subsequently 
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and always continued as an annoying sinus until the suture was 
either discharged or. removed, that the majority of operators prefer 
to use an absorbable ligature. 

The operation has a number of disadvantages: It places the 
organ in an abnormal position, and maintains it at best by a cica- 
tricial ligament which may stretch but never subsequently contracts; 
it is impossible to determine in advance whether the operation will 
result in a fixation or a suspension; in the latter case, it may become 
so elongated that it no longer exerts any beneficial influence. It 
forms an artificial obstruction within the abdominal cavity, about 



Fia. 162.‘-VBNTRO»ii6PiiNBiON FOR Rxtrodibplacrment. (Montgomery.) 

which the coils of intestine may become twisted, leading to fatal 
results, as occurred in one of my cases and in the experience of other 
operators. When the band is strong, it may prove a source of dis- 
comfort in a subsequent gestation and be a cause of dystocia in labor. 
When it elongates, the band becomes so stretched as no longer to 
exert a beneficial influence, and the original condition is reproduced. 

IrUraperitoneal shortening of the ligaments has been performed in a 
numb<!r of ways, as the doubling of the ligaments inward (Wylie) or 
outward (Baer), folding them on themselyes (Mann), drawing a loop 
through a slit in the anterior wall (Ries), securing a loop to the anterior 
wall (Dudley), penetrating the broad ligament with a loop which was 
secured on the posterior wall (Webster), cutting the ligament near the 
uterus, ligating the proximal and carrying the distal end through the 
broad ligament to be secured posteriorly (Baldy), cutting out a section 
'of the round ligament and the peritoneum of the broad ligament, and 
reuniting, them (Bissell), draggbg a loop of the ligament throu^ tlbe 
abdominal wall and securing it on the aponeurosis (Gilliam) modified 
by gathering up the peritoneal surface external to the point at. which 
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the ligament was drawn through, with a purse-string suture (Fergu- 
son), carrying the loop beneath the peritoneum through an incision 
in the anterior leaflet of the broad ligament and securing it to the 
under surface of the rectus (Simpson), and, finally, my own modifi- 
cation, which is as follows (Fig. 163) : 

Through a median incision, or, as I prefer, through a Pfannenstiel 
incision (p. 486), each round ligament is caught about 4 cm. from the 
uterus and secured by a temporary loop of catgut, the ends of which 
arc threaded into the eye of a Dcschamp needle. Through an opening 



Fig. 163 .— Montoombrt'h Matkod of Shortbnzng the Round Ligaments. (Montgomery.) 
Round ligament fixed with hemostat while temporary limture iH carried beneath anterior leaflet 
of broad ligament with a Desenamp needle. 

made in the anterior leaflet of the corresponding broad ligament the 
needle is carried outward between the two layers of the ligament 
until it reaches the point where the peritoneum is reflected on to the 
abdominal wall, when it is carried through and unthreaded, and the 
ends of the ligature secured by forceps (Fig. 164). The same steps are 
followed on the opposite side. The ligature is then put on the stretch, 
a pair of sharp-pointed scissors inserted alongside it closed, and the 
blades slightly separated, after which a loop of the ligament is easily 
drawn through and is secured to the outer surface of the aponeurosis 
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by chromic catgut sutures. The loop is drawn through sufficiently 
to bring the fundud of the uterus well forward. Should it be insuffi- 
cient or too much, the position of the uterus can be governed by 
drawing upon or relaxing the projecting loop. This procedure 
imitates the virtue of the Alexander operation in that it utilizes the 
strongest part of the round ligament, that portion nearest to the 
uterus, and has the advantage of its adaptation to all displacements 
whether complicated or imcomplicatod. The operation permits the 
treatment of diseased conditions of the tubes and ovaries, leaves no 



raw or injured surface within the peritoneal cavity, and provides a 
support capable of undergoing evolution and involution and con- 
Mquently capable of meeting the future exigencies in the life of the 
individual. 

The uterosacral ligaments have been utilized through the vagina 
(pottschalk, Bov6e) or through an abdominal incision. Where the 
retrodisplacement is associated with much prolapsus, these ligaments 
are generally so attenuated as not to be appreciable. In several 
instances 1 have reconstructed the retro-uterine pouch in order to 
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obliterate or close off its most dependent portion. This operation 
does not give any special consideration to the ligaments, but forms a 
new floor of the peritoneum. Through an abdominal mcision the 
uterus is drawn forward and the intestines packed out of the pelvis, 
with the patient in the Trendelenburg position; with a double tenac- 
ulum the peritoneum is seized at a point posterior to the cervix and 
drawn backward; the peritoneal surfaces at this level are united, and 
the peritoneal covering of the bowel to that of the posterior surface 
of the neck of the uterus. Care must be exercised completely to close 
the cavity, otherwise coils of intestine would slip through, producing 
strangulated hernia. 

Vaginal Operaiions . — Among the earliest vaginal procedures was 
that devised by Schucking, which consisted in passing an instrument 
to the fundus after the uterus was placed in extreme flexion, and 
pushing a needle concealed within it through the anterior vaginal 
fornix. The needle carries a ligature back, which, when tied, holds 
the uterus in anteflexion. It is apparent that this is a blind procedure, 
and injuries of the bladder and intestine have occurred. 

Vaginal Fixation . — Duhrssen devised an< operation which was 
subsequently modified by Mackonrodt, whereby, through a vertical 
incision of the anterior vaginal wall, the bladder is pushed away from 
the cervix until the peritoneum is reached, when, without opening the 
latter, a suture is introduced and the uterus pulled forward; a second 
suture is introduced above this, near the fundus, which holds the 
uterus forward by being passed through the edges of the vaginal 
wound and tying it in the vagina. Mackenrodt opened the peritoneum 
and inserted the sutures at a higher level, but the results of these 
operations in subsequent gestation and parturition have been found 
so disastrous that they have been discontinued during the child- 
bearing period. 

Wertheim, as well as Vineberg, utilized this incision to secure the 
round ligaments by passing a suture under each ligament, 3 cm. from 
the cornu of the uterus. The ends of the suture are brought out 
through the corresponding vaginal flap. After both ligaments are 
thus secured, the peritoneal and vaginal wounds are closed. 

Inversion of the uterus is a form of displacement in which the 
lining membrane of the uterus becomes its covering, and, when 
complete, the organ is entirely within the vagina. The inversion 
may be partial or complete. It is usually divided into three degree: 
First, intra-tUerine inversion, which presents three degrees of dis- 
placement of the uterus into its own cavity without the wryix being 
^ated (Fig. 165). When the wall is partially inverted, it is known 
as invagination. The second degree is known as inlravaginal inver- 
sion, when the body of the uterus to a greater or lesser degree projects 
through the external os (Fig. 166). Extravaginal inversion is the 
third degree, in which the uterus is partially or completely outside 
the vagina, and represents an inversion of the vagina as well (Fig. 167). 

Inversion uteri, is divided, according to -its causes, into puerperal 
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and non-puerperal, the former the result of parturition; the latter 
generally produced by traction of a fibroid growth attached by a 
short pedicle to the fundus of the uterus. As the displacement 
proceeds, in place of the fundus there is a funnel-shaped depression. 
As the tubes are closely connected with the uterus, they are to a 
considerable extent drawn into the cavity, while the ovaries may rest 
upon the ritai of the funnel. The uterine mucous membrane exposed 
in the vagina undergo^ inflammatory changes with a certan amount 
of epithelial desquamation. The orifice of the Fallopian tubes can 
generally be seen upon either cornu of the uterus, while the upper 
part of the tumor is surrounded by a cuff formed by the vaginal 
portion of the cervix. The situation may readily permit the entrance 



Fio. 165. — Partial Inversion, Three De- Fig. 166. — Intravaginal Inversion, Three 
OREE s. (Montgomsiy.) Degrees. (Montgomery.) 

of infection into the tubes, causing extensive inflammation which 
adds to the discomfort of the patient. 

Etiology. — The displacement arises as a result of a relaxed con- 
dition of the uterine walls, not infrequently produced by traction upon 
the cord in premature efforts at the delivery of the placenta. It is 
more likely to occur when the umbilical cord is short, and may be 
produced by overstretching of the cervix, affording less resistance to 
the invaginated body. In the non-puerperal variety a submucous 
fibroid of the sessile variety fills the body of the uterus until the cervix 
is. partially distended; contractile effo^ to expel the growth as a 
foreign body leads to further dilatation of the cervix and dragging 
downward of the fundtis by the weight of the growth. This con- 
tinues until the inversion becomes complete (Fig. 168). 
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Symptoms. — ^The production of the condition not infrequently 
leads to severe shock and very profuse hemorrhage. The patient 
complains of a severe pain, a sensation of pulling or fullness in the 
vagina. As the disorder progresses menstruation is rather prolonged, 

and a profuse mucous discharge irregu- 



Fig. 167 .-— Extbavaoinal Invbsmon. 
(Montfomery.) 


Fio. 168.— NoN-P0*BPERAii Invbrbion. 

(MontBomery.) 


Diagnosis. — ^The existence of severe pain, profuse bleeding, and 
profound shock in a woman who has undergone a rather severe labor, 
and following efforts at delivery of the placenta, should le^ to careful 
investigation as to its cause. The exploration of the vagm discloses 
a large globular mass which fills it, surrounded by a cuff-hke nng at 
its upper part. The hand placed over the abdomen reveals the absence 
of the fundus of the uterus, and, instead, a funnel-shaped depresaon 
at the upper part of the pelvis. A rectal examination disdoses the 
funnelHshaped depression, in place of the uterine fundus. Examina- 
tion by the speculum reveals the vaj^a fill^ with a covered 
with soft tod velvety mucous membrtoe, possibly points of ulceration, 
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and in the early stages small clots. Where the patient has thick 
abdominal walls, it may be difficult to determine the physical signs. 



a » c 

Xn. 170.— a, FmBOHA; h, PAarui. Ihtxmion; a Pasiiaii OnrmicM or tiib Boot. (Mootaomw.) 


projecting into the vapna surrounded by the cervix may present a 
state so characteristic of inversion as to cause its true nature to be 
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overlooked (Fig. 169). A number of cases have been reported in 
which efforts have been made to reinvert such a growth, when subse- 
quent investigation has disclosed it not to be a uterine inversion. 
Careful bimanual examination will reveal the fundus of the uterus 
within the abdominal cavity, while the mass is situated below; while 
in inversion, the fundus has disappeared and the funnel-shaped cavity 
in its place can readily be determined by investigation through the 
rectum (Fig. 170). A fibroid growth within the cavity of the uterus 
may simulate the first degree of inversion, but here too the rectal 
examination reveals the funnel-shaped depression in the inversion 



Fia. 171. — Central Taxih. (Montsomeiy.) 


and a globular mass in the submucous fibroid. Partial division of 
the body of the uterus is recognized by the anteroposterior depression 
between the two cornu, while in inversion the depression is circular. 

Treofmenf.— Treatment for invermon depends upon the form under 
consideration and the stage at which it coiPes under observation. It 
differs very greatly in the recent from' that of the chronic cases. 
Treatment may be manual, instrumental, and operative. In the 
recent inversion, placing the fingers against the body of the uterus, 
and pushing upwi^ may readily lead to the reinversion of the organ 
with the hwd situated within its cavity. This method of procedure 
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should always be practised when it is recognized that the lesion has 
just developed. In some cases, placing the patient in the genu- 
pectoral position with the vagina dilated causes reinversion. The 
manual treatment consists in the application of what is known as 
taxis, by the employment of the hand in the vagina (Fig. 171). This 
may be applied in three ways: First, central taxis, in which the' 
thumb or finger is placed ag^st the fundus of the uterus and pressure 
is made upward. This can be antagonized by placing the other hand 



Fio. 172. — IwinioN or thb Postirior Vaoihai. Fornix ako thn Neck or thr ITtrrdr Pbe- 
UMiNABT TO REDUCTION. (Montgomery.) 

over the abdomen and spreading out the funnel opening. Lateral 
taxis is the introduction of the hand into the vagina; while the fingers 
grasp ^e fundus, the thumb presses against a cornu of the uterus, 
and^ this is continued until the process of reinversion is completed. 
Peripheral taxis consists in the introduction of the hand into the 
vagina, and spreading the fingers around the cervix, making traction 
upon, the cervix through the vaginal walls, thus opening the cervix 
while the fundus is pushed upward. Taxis has been applied by 
instrumental measures, as an instrument having a spring arranged 
as a cup which fits over the fundus and presses it upward. This has 
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been supplemented by Marcy, who inserted sutures into the neck 
of the uterus and tied these over an elastic mass pressing against the 
fundus, so that the pressure was continual. Tampons and col- 
peurynters have been introduced into the vagina with a view to nutlfing 
more or less pressure upon the uterus and thus gradually overcoming 
the displacement. Among the earliest procedures was one instituted 
by Thomas, who opened the abdomen and with an instrument similar 
to a glove^^retcher enlarged the cervix, while pressure was made 
from within the vagina against the fundus. The most effective method 
is that instituted by Kiistner, who made an incision through the 
posterior fornix of the vagina above the cervix and then a vertical 
incision through the neck, when the fundus was pushed up (Fig. 172). 
In a recent case I first drew down the uterus, inserted suture ligatures 
through the cuff of the cervix, — ^two in front and one on either side, — 
and then made an incision, as suggested by Kustner, when I found 
that it was very easy to reinvert the uterus. The fundus was turned 
down through the incision in the posterior wall of the vagina, and the 
incision sutured with chromic catgut. After the incision of the 
uterine wall had been completely closed, the opening in the posterior 
fornix of the vagina was sutured, and iodoform gauze packed into 
the vagina, holding the uterus up. The uterine wall becomes so 
rigid in a short time after this occurrence as a result of inflammatory 
changes that the subsequent manipulation by taxis to accomplish 
the reinvmrsion is attended with possibilities of such serious injury 
to the structure of the uterus that it seems to me far preferable to at 
once institute the procedure described as less likely to result in 
trauma. 

Tumors. — ^Tumors of the uterus are divided according to thehr 
origin into connective-tissue and epithelial growths. The course of 
the tumor leads to a further division into benign and malignant. 
Benign growths are those which are limited to the organ in which they 
originate, even though it may be more or less destroyed and taken 
up as the growth devdops. The malignant show a constant tendency 
to break down their barriers and to invade the surrounding structure. 
They are destructive not only of the tissue invaded, but of the life of 
the individual, and, when removed, exhibit a marked tendency to 
recur. It is sometimes difficult to differentiate between these two 
classes of tumors, as a number of those which are regarded as benign 
betray a disposition to recur, and subsequently to assume malignant 
characteristics. The benign tumors' of the uterus are represented 
to a large degree by the fibromata, the pathology of which can be 
found in Vol. I, p. 771, of this work. They are designated myomata 
and fibromata, according to the relative amounts of muscular and 
fibrous tissue of which they are composed. They are the most 
frequmt of uterine growths, and occur in the majority of women who 
have passed the thirty-fifth year of life. Their period of greatest 
growth is during the menstrual life of the individual, although they 
rarely appear before the twenty-fifth year, and were formerly supposed 
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to have attained their complete growth prior to the occurrence of the 
menopause. Later investigations have shown that these growths 
not infrequently continue to increase in size subsequently to the 
climacteric, and one case has been reported in which a growth of 
considerable size developed in a childless woman who had never 
menstruated. They rarely occur alone, but are more frequently 
multiple. Bland-Sutton reports a case in which there were 120, 
varying from a pea size to that of a small orange. Not infrequently 
a uterus which is studded with these growths when hardened and 
sectioned pi'esents a tessellated appearance, in which but little of the 
uterine stmeture rtmiains. Where a large number of the tuniors 
exist, they are usually small. Hunter reports a uterus containing 
fibroids in which the entire mass weighed 145 pounds. As we have 
seen, this class of tumors is divided into the myomata, in which the 
growths are made up mostly of muscular structure of the uterus and 
present but little differentiation from the organ. In these, the tumor 
rapidly increases and attains not infrequently to an enormous size. 
The fibromata, on the other hand, are growths which have reached 
a certain degree of maturity and there has been an inci’ease of the 
fibrous or connective tissue over the muscular structure. They arc 
hard, firm, gcmerally surrounded with more or less of a capsule, which 
consists of loose connective tissue and blood-vessels. 

Tumors arc divided according to their relation to the wall of thp 
uterus into submucous, interstitial, and subperitoneal. Submucous 
fibroids, also called intramural and concentric, are those which are 
situated more closely beneath the mucous membrane, and, as they 
increase in size, have encroached upon the uterine cavity. They an; 
divided into the encapsulated and the non-encapsulated. The former 
are surrounded by a loose layer of connective tissue, making a dis=- 
tinct capsule, which will permit the tumor to be shelled out of its 
bed. The non-encapsulated, however, have the mucous membrane 
of the uterine cavity directly enveloping the growth without any 
intervening capsule. These growths may have developed beneath 
the mucous membrane and have been pushed out, thus making them 
free from the capsule, or were originally encapsulated, but their 
capsule has disappeared during subsequent inflammation. As the 
tumor is extruded into the cavity of the uterus and becomes more 
and more separated from the uterine wall, it may be attached by a 
more or less thickened band or pedicle, when it is known as a pedun- 
culated tumor or a polypus. In other cases the tumor is attached to 
the uterine waU by a broad base. These tumors are called sessile 
fibroids. 

The presence of the tumor leads to more or less of congestion and 
inflammation of the uterine structure, so that, as it mcreases in size, 
there is an effort upon the part of the uterus to extrude it as a foreign 
body. This expulsion produces its polypoid character. When the 
mass is situi^lp near the fundus and is of considerable size, the efforts 
at its expulsion may lead to dilatation of the cervix and to dragging 
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of the tumor upon the fundus, producing inversion. As the cervix 
becomes well dilated, this inversion may become complete. When 
the tumor is pedunculated and pushed partly through the cervix, 
the grasp of the cervix upon it brings about an interference with the 
circulation of the surface of the tumor, producing caries or ulceration. 
The irritation of the tumor as a foreign body induces an associated 
endometritis with a tendency to produce bleeding, so that such a 
growth, from the associated hemorrhage and offensive discharge, may 
cause the suspicion of malignant disease. Not infrequently the rapid 
extrusion of these growths either into the uterine cavity or externally 
causes complete loss of nutrition and gangrene of the mass, so that its 
exit in fragments is associated with thin, foul discharge. 

Interstitial, mural, or centric growths are those which are developed 
into the central portion of the wall, and, as they increase, take up the 
structure of the uterus. According to their situation and size they 
are differentiated as circumscribed and diffuse: circumscribed, when 
the growth is small, well defined and possibly attended by two or 
three other growths. Diffuse tumors, on the other hand, are rapid 
in their development, spread out the structure of the uterus, and may 
occur as a single growth. These are the tumors which attain to the 
largest size, becoming gigantic masses. The entire structure of the 
uterus is taken up by them; its lower portion may be drawn out, 
forming a pedicle which may readily become twisted. In some cases 
the cervix has become so attenuated that the growth and the body 
of the uterus are separated from the cervix. As these growths 
increase in size they encroach upon the cavity of the uterus and 
produce disturbance of the endometrium, not infrequently leading to 
interstitial metritis and profuse bleeding. 

Subperitoneal, extramural, or eccentric fibroids are those which 
are originally situated near to the peritoneum, and, as they increase 
in size, are expelled upon the external surface of the uterus and 
covered by the peritoneum. These tumors, like the submucous, may 
become pedunculated or sessile, but the former arc rtycly called 
polypoid. The surface of the tumor may be perfectly smooth, 
covered with a layer of peritoneum, and beneath it muscular structure. 
In other cases, from the increased amount of connective tissue and 
contraction, the tumor is roughened. These tumors, like the sub- 
mucous, are free and encapsulated, the former with the peritoneum 
directly over the surface of the tumor, without any intervening loose 
connective-tissue layer. The pedicle varies greatly in size from a 
small fibrous band, or so short as to hold the tumor in apposition to 
the uterine wall to one which is sufficiently long as to leave the inves- 
tigator in doubt as to whether the mass is connected with the uterus. 
In some cases where the growth is of considerable size with a small 
pedicle, the latter may become twisted and the nutrition of the tumor 
thus cut off. In such cases the growth may form adhesions to the 
surrounding viscera, through which^ it may receive its nutrition, when 
the pedicle disappears,, making the tumor a parasite. The pedicle 
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may sometimes be so flexible as to permit the tumor to be pushed 
away from the abdominal wall, and come back against it, simulating 
ballottement. Where the nutrition of the tumor is interfered with, 
or in some cases where it has attained considerable size and is rough- 
ened, it BO irritates the peritoneum as to cause ascites. The cervix 
differs from the body of the uterus in its structure to such a degree 
that it is rarely the site of origin of fibroid growths. Not infrequently, 
however, these growths are pushed downward from above, spreading 
out the cervix and forming a tumor so large as to fill up the vagina. 
These form two classes: one, pushed into the external os, and the 
other, the subvaginal, pushed out through the wall of the cervix, and 
secures a situation in the broad ligament. These growths not infre- 
quently raise up the ureter and endanger it during the removal of the 
tumor. Occasionally they are situated between the bladder and the 
uterus. 

Etiology. — Our knowledge of the cause of fibroid tumors is very 
slight. There are a number of hypotheses, all of which are mere 
guesses. By some they have been attributed to inflammation in the 
muscular structure of the vessels suppl3ring the uterus, and this sup- 
position is supposed to be confirmed by the occurrence of whorls or 
circular masses of connective tissue which compose the fibroid growth 
and the absence of distinct vessels within the growth. The growths 
are found with about equal frequency in married and multiparous 
women, and in the unmarried and nulliparous. 

Symptoms. — ^The presenc.e of symptoms will depend upon the 
variety of the tumor; thus, in the interstitial and subperitoneal, the 
growths attain to large size without their presence being suspected. 
In some forms of the interstitial and in the submucous, hemorrhage is 
an early symptom. As the growths increase in size, pain and abdomi- 
nal cramp exist as a result of the effort on the part of the uterus to 
expel the developing mass, so where a patient has an increased 
menstrual flow or irregular bleeding, has increasing distress at each 
menstrual .period, and attacks of severe abdominal cramp, the sus- 
picion of the presence of a fibroid growth is justifiable. The increase 
in size of the tumor leads to pressure upon the surrounding viscera 
of the pdvis, and the earliest discomfort is experienced from the 
pressure upon the bladder. Urination becomes frequent, the sensation 
of pressure and discomfort, with inability of the bladder to become 
distended or to retain for any length of time its contents. Not 
infrequentiy the first symptom, on the contrary, will be an attack of 
severe retention. An examination discloses as its cause the presence 
of a fibroid growth impinging against the neck of the bladder. Not 
seldom the patient will complain of distress in the rectum about the 
anus, burning and sense of weight, discomfort from the presence of 
hemorrhoids and fissures. The menstrual function may be undis- 
turbed, especially in the subperitoneal and those interstitial growths 
which havd«not encroached upon the mucosa, but in the submucous 
and those interstitial tumors which impmge against this membrane 
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disturbance of menstruation is very frequent. This may occur in 
the form of prolonged and profuse menstrual flow, or hemorrhage 
which takes place in the intermenstrual period, or of profuse bleeding 
alternating with amenorrhea. In addition the patient has profuse 
leukorrhea, due to an increased glandular secretion. This may be 
purulent, watery, or mixed with blood, not infrequently pn'senting an 
offensive odor. The increasing size of the tumor causes pain, which is 
aggravated at the menstrual period by the efforts on the part of the 
uterus to expel the growth. Sometimes the tumor, being pushed 
into the cervical canal, acts as an obstruction to menstruation, causing 
violent dysmenorrhea. The changes in the uterine mucosa and irrita- 
tion induced by the presence of a growth are among the most prolific 
causes of sterility. As the growth increases in size it presses upon the 
rectum, producing constipation. It may produce pmssure upon the 
ureter, leading to dilatation of the ureter, of the pelvis of the kidney, 
to hydronephrosis, to sacculation of the kidney, and destruction of 
its secreting substance. The profuse bleeding, the continuous dis- 
charge, the discomfort from pressure, and the int(u*ference with the 
performance of the functions of the viscera cause anemia and have 
an injurious effect upon the general health. These patients, however, 
while anemic, are not emaciated and do not show a cachexia such as 
is associated with malignant growths. 

Diagnosis. — As has already been mentioned, the tumor may pro- 
duce no symptoms and remain unsuspected by the patient until it has 
attained such a size as to attract the attention of others. As such 
tumors increase in size, however, they produce a sensation of weight 
and pressure, disturbance of urination, attacks of severe retention of 
the urine, the development of hemorrhoids, burning and pain on 
defecation, and not infrequently profuse bleeding. The occurrence 
of such symptoms, or of profuse menstrual or irregular flow, in an 
unmarried woman or one who has no history of the interruption of 
pregnancy or the occurrence of abortion associated with labor-like 
efforts at expulsion, with marked anemia without emaciation, should 
lead to the suspicion of the presence of a fibroid growth, and should be 
considered as ample justification for careful pelvic investigation. 
When the patient is examined, the tumor is recognized by its increased 
consistency as compared with the surrounding parts, by its well- 
marked and well-defined outline, by the alteration in the shape and 
size of the uterus, and when a number of these masses occur, they will 
be found to present points of induration with intervening softer spaces, 
the uterus will be enlarged, may be irregular, or where the mass fills 
out this body, may present a spheric shape. Such a mass may be 
partially or completely extruded into the vagina, supported by a 
pedicle which may be traced into the cervix. Small pedunculated 
intra-uterine fibroid growths may be felt to move within the uterine 
cavity. Where the growth is small and with a short pedicle, it may 
require palpation through a dilated cervix to determine its size and 
presence. These submupous growths are frequently extruded through 
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the uterus during menstruation and recede in the intervals, so that 
it is often wise to examine the suspected patient durmg menstruation. 

A large growth may be impacted in the pelvis, cause pressure on 
the pelvic veins, induce edema of the lower extremities, or the pressure 
may be chiefly upon one or both ureters, and, as has been mentioned, 
result in dilatation of these ducts, of the pelvis of the kidney, and of 
hydronephrosis, not infrequently the formation of calculi and the 
production of conditions which favor infection and subsequent 
suppuration. Very infrequently it is found that fibroid growths are 
complicated by cardiac changes, whether a result of a condition which 
was productive of the fibroid growth or due to the influence of toxins 
produced by them. Cardiac and renal lesions not infrequently bring 
about edema of the extremities, the formation of thrombi producing' 
phlegmasia, and occasionally pulmonary and cerebral emboli, which 
may cause the death of the patient. The peMc examination should 
be performed not only to determine the presence of the tumor, but 
to differentiate the particular variety, whether submucous, inter- 
stitial, or subperitoneal. The subperitoneal may occupy any one of 
three positions. Most frequently they are extruded from the antero- 
posterior wall of the uterus; less frequently tliey form what are known 
as intraligamentary tumors, which are pushed out laterally from the 
uterus; and still less frequent are those which are pushed downward 
and backward from the posterior uterine wall beneath the peritoneum, 
but not in contact with it. In the diagnosis of fibroids they must be 
differentiated from normal or extra-uterine pregnancy, from fibroids 
of the abdominal wall, inversion of the uterus, carcinoma, sarcoma, 
incomplete abortion, subinvolution of the uterus with metritis, uterine 
displacements, ovarian cysts, pelvic exudates, and floating kidney; 
from pregnancy, by the existence in the latter of amenorrhea, the 
rapid and progressive increase in size of the uterus, the sensation of 
elasticity, and absence of any induration or hardness in the walls. 
Occasionally, however, when, as the result of some degenerative 
process, the tumor may become edematous, it is difficult to determine 
with which condition we have to deal. When the history and asso- 
ciated signs are insufficient to determine the diagnosis, it will be well 
to direct the patient to return lome weeks later for another examina- 
tion, when, if pregnancy exists, the changes will generally be such as to 
enable the diagnosis to be made. In extra-uWine pregnancy the 
progress of the case and the early tendency to rupture of the sac is 
generally sufficient to make the diagnosis dear. Fibroid tumor of 
the abdominal wall is a growth which occurs in the sheath of the 
abdominal musdes. It generally becomes dependent, dragging 
downward, but in rare cases, as it increases in size, it is pushed into 
the abdominal cavity and is coveiied by the parietd peritoneum. In 
such cases the uterus will be situated bdow it in the pdvis, and can be 
found to bq movable upon it. A case of this kind came under my 
observation where the growth filled the abdominal cavity, was so 
smooth in its outline and so firmly resisting, that I had no hesitancy 
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in believing that I had a fibroid gro'wth involving the uterus, and it 
was only when the abdominal incision entered the tumor without 
opening the peritoneal cavity that 1 realized the situation. The 
tumor, when removed, weighed 19 pounds. The differential diagnosis 
of inveruon has already been given. In carcinoma the uterus is not 
likely to be much increased in size. The disease, in the great majority 
of cases, involves the cervix and is palpable. When it develops in 
the body, the portion of the structure affected presents a less well- 
marked hardness than is displayed in the fibroid growth. In sarcoma 
the uterus increases in size, is soft and elastic, there are profuse 
bleeding, offensive discharge, and marked constitutional symptoms. 
In incomplete abortion the history of the case and the enlargement 
of the uterus without any well-defined hardening, will generally 
excite a suspicion of its true character. In subinvolution with 
metritis the entire uterus is uniformly enlarged. In small fibroids 
within the uterine cavity it may be necessary to palpate the cavity 
in order to determine the presence or absence of growths. In uterine 
displacements the condition is determined by bimanual palpation, 
tlirough which we are enabled to outline and determine the size of the 
uterus, and that a mass in the anterior or posterior wall is the fundus 
of the organ so situated from flexion. Ovarian cysts may be so closely 
adherent to the uterus as to be supposed a part of it, but there is 
generally a sensation of fluctuation, and careful investigation shows 
that the uterus lies against the tumor rather than is a part of it. In 
pelvic exudates the mass is irregular and melts off into the surrounding 
structures in such a way as to appear as a well-defined growth, as it 
would were it a fibroid. Floating kidney can rarely be mistaken for 
a fibroid growth. Its greater mobility and the possibility of pushing 
it away from the uterus arc sufficient to exclude its being mistaken 
for such a growth. 

Alterations and Degenerations.— As already stated, fibroid tumors 
which have been in existence for some time undergo a form of maturity 
in which they arc surrounded by a distinct and well-defined capsule 
of cellular tissue, abundantly supplied with blood-vessels. The 
tumor itself obtains its nutrition by a process of transudation of 
fluids. Interference with the nutrition of the tumor, whither by the 
contractile efforts of the uterus to expel it or from other causes, leads 
to further alterations. One of the most frequent of these is the 
spreading apart of the structure of the tumor by the accumulation 
of fluid within it, the tumor becoming edematous. I have seen this 
occur to such an extent that the mass was supposed to be a cystic, 
rather than a solid, growth. Such a condition is not infrequently 
difficult to differentiate from pregnancy on the one hand, and, on 
the other, from an areolar ovarian cyst. In some cases the spreading 
apart of the structure of the fibroid growth becomes pennanent and 
the tumor is really cystic. Such growths are known as fibrocystic 
tumors. In others, portions of the structure undergo liquefaction or 
a myxomatous degeneration, so that numerous spaces are filled with 
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a colloid material. These are known as fibromyxomata. In some 
cases the interference with the circulation in the tumor causes a 
deposit of the salts of the serum upon the surface and in the structure 
of the tumor. Where this exists for a length of time, the growth 
becomes quite hard and firm. An intraruterine tumor of this kind 
may subsequently separate from the uterus and be discharged. 
Such an alteration has undoubtedly been the explanation of the cases 
in which it was supposed that an egg-like mass had been thrown off. 
Such changes are Imown as calcification. They are quite common 
where the growth has been carried for a long period of time. 

Interference with the nutrition of the growth may result in partial 
loss of vitality, producing symptoms of inflammation. The inflamma- 
tion generally exists around the tumor, rather than in its structure, and 
it will be found that the tumor is surrounded by an extensive exudate, 
rendering demarcation difficult, or, where it has existed for a length 
of time, extensive adhesions between it and the intestines or the 
abdominal parietes may lead to nutrition of the growth, independent 
of its original attachment. Where the vitality of the tumor is to a 
considerable degree destroyed, its powers of resistance are lessened, 
and its proximity to the intestines may lead to infection and suppurar 
tion. An abscess thus formed may be walled off, and the tumor, to a 
large extent, undergo disintegration. Such a patient suffers from all 
the symptoms characteristic of a septic process — elevation of tem- 
perature, recurrence of chills, and progressive emaciation. The loss 
of vitality may be such that the entire tumor becomes gangrenous, 
disintegrates, drags down, and, when intra-uterine, may be thrown 
off through the uterus and vagina. If situated within the abdomen, 
however, it becomes a foreign body. The toxins generated within the 
growth are absorbed, causmg marked depression, often a condition 
of collapse, and indicate the existence of some profound disorder. 
Fibroid growths are not infrequently associated with malignant de- 
generation. The latter may be in an entirely separate portion of the 
uterus; thus I have seen carcinoma of the cervix with fibroid growth 
of the body. In other cases the degeneration exists over the entire 
mucous membrane of the uterus, forming an adenocarcinoma of the 
uterine body. It is quite possible that the increased irritation of the 
. uterine cavity induced by the presence of the growth may be an 
exciting cause of the malignant disease. Occasionally it is found that 
a tumor is the site of sarcomatous degeneration, wd this process 
may spread until the entire tumor has become malignant. Indeed, 
this complication exists with sufficient frequency to lead to the 
supposition that it is one of the degenerations incident to fibroid 
growths. 

Complications. — ^The irritation of the fibroid growth within the 
^uterine cavity generally leads to so much inflammation of the endo- 
metrium that the disorder known as interstitial endometritis is of 
common occurrence. The irritation thus induced greatly lessens the 
resistance to infection, so that inflammation may extend througjh the 
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Uterine cavity to the Fallopian tubes, devdoping tubal disease; con- 
sequently the individual suffering from fibroid growths will not 
infrequently be found to have also obliteration of the tubes and an 
accumulation of fluid within them. The presence of a growth which 
has existed for some time and has undergone marked fibrous change 
is sufficient to irritate the peritoneum and frequently cause ascites. 
Whether the latter is due to the irritation of the tumor, to the formation 
of some particular toxin, or to other causes is difficult to determine. 
The responsibility of the tumor for its occurrence, however, is evident 
in the fact that, in the great majority of cases, the ascites disappears 
after its removal. Hematoma of the ovary is so frequently found 
associated with fibroid tumors as to lead one to feel inclined to attri- 
bute to the growth some influence in the production of the condition. 
This degeneration is more likely to be found where the growth has 
existed for a long time. Sometimes both ovaries are filled with an 
accumulation of dark, fluid blood, each ovary forming a thin-walled 
sac with more or less of adhesions, the attempt to separate which 
results in the rupture of the sac and the escape of its contents. Where 
the operator has not been prepared for such an occurrence, the intes- 
tines may be extensively soiled.- The fluid, however, seems to be 
innocuous, and very rarely does the patient experience any incon- 
venience from the rupture. 

Another complication of myomata may be the presence of preg- 
nancy. The presence of fibroid tumors is considered to be a cause of 
sterility, and such patients are not so likely to become pregnant. 
This is especially true where the tumor is situated within the uterine 
cavity, is of the submucous variety, either pedunculated or sessile. 
Pregnancy does occur, however, sufficiently often to be rememl)ered 
as a possibility or as an explanation for a rapid growth or of some 
marked idiosyncrasy in its progress. Where pregnancy coexists, it 
becomes a matter of interest to observe its progress, as we are unable 
to say in any indivulual case what influence it will exert upon the 
growth. Occasionally, under the more active metabolism engendered 
by the pregnancy, the tumor disappears and is completely absorbed. 
Such an occtirrence has not infrequently led a physician who has seen 
a patient in whom myoma has been diagnosed, and when careful 
examination at the time she comes under his later observation fails 
to disclose any sign^f the tumor, to condemn his predecessor as either 
having misrepresented the condition or having b^n mistaken in his 
diagnosis. But the fact that these tumors do disappear should 
render him cautious and charitable. 

The growth more frequently, however, partakes of the accelerated 
activity of the circulation in the uterus and increases in size. This 
increase may be so marked as to necessitate operative interference 
during the course of the pregnancy, in order to save the life of the 
patient, as the abdominal distention may interfere with the heart’s 
action and with respiration. The presence of a myoma does not 
exert any special influence on the progress of tiie pregnancy unless 
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through the rapid growth just mentioned. Its effect upon the 
subsequent labor will depend largely upon the situation and number 
of the growths. If they are situated near the cervix, they may 
become impacted in the pelvis and so fill it as to render delivery 
impossible unless preceded by removal of the growth. The enuclea- 
tion of such a growth as a preliminary to delivery opens up a large 
amount of connective tissue which has been more or less injured and 
will be furthOT subjected to trauma, consequently affording soil the 
most favorable for infection. The presence of growths in the wall of 
the body of the uterus, although entirely out of the field which will 
be occupied by the delivery of the fetus, may render uterine con- 
tractions ineffective and futile. The dilatation of the cervix conse- 
quently is not accomplished, and surgical measures must be resorted 
to for the delivery of the patient, so that not only is the mother the 
victim of the double condition, but also the fetus is endangered by 
the presence of fibroid growths within the uterus. 

Course and Prognods. — As has already been mentioned, small 
Bubperitoneal or interstitial fibroids may give rise to no symptoms 
whatever. They may remain quiescent for a long period of time, 
gradually increase in size until a tumor is formed which reaches the 
umbilicus, and yet will not threaten life either directly or indirectly, 
as would cancer of this organ. A well-marked tumor is often 
developed, readily recognizable by others, but so insidious in its 
progress as not to be observed by the patient until some special 
condition leads her to recognize it herself or it is recognized by a 
physician who examines the abdomen for some other condition. 
The submucous and interstitial growths which encroach upon the 
uterine cavity produce symptoms much earlier. In these the symp- 
toms are those resulting from disturbance in menstruation either in 
its prolongation and increased flow or irregular bleeding. The hemor- 
rhage may be an indication of nature’s effort to separate the growth 
or the result of interstitial endometritis induced by its irritation. 
Fibroid growths, as they increase in size and the individual approaches 
the climacteric, are very prone to undergo degenerative changes, 
such as have already been mmitioned, which make it desirable that 
some operative procedure should be employed. The interference 
with the circulation of the pelvis or the formation of toxins which 
enter the circulation has a deleterious influence upon the heart, induc- 
ing cardiac complications. Cardiac lesions are so common as to lesd 
to the supposition that the presence of fibroids is an exciting cause 
for degenerative processes in that organ. 

The symptoms produced by fibroids generally abate at the meno- 
pause, but the occurrence of the latter may frequently be delayed for 
severd years; thus, a woman who, under ordinary circumstances 
would cease to menstruate at forty-five, would continue with a flow 
unabated ten years later, and the recurring hemorrhages be so serious 
as to indicate the necessityfor some active interference. The operator 
is often asked as to the necessity of operation for fibroid growth^ 



SUBQEBY OP UTEBUB, BBOAD UOAMENTB, FALLOPIAN TUBES. 527 


When we consider the various degenerative changes to which they are 
subjected, such as inflammation, suppuration, gangrene, calcification, 
and malignant disease, cither carcinoma or sarcoma, and with these 
conditions in view analyze a large number of cases, it can safely be 
said to the patient that she stands less risk through an operative 
procedure for the removal of the growth than she would if she con- 
tinues to carry it. A woman suffering from fibroid tumors who 
becomes pregnant naturally is very anxious as to the probable result. 
The existence of the fibroid, especially when it occupies the uterine 
cavity, increases the tendency to abortion. The growth may prove 
a cause of dystocia or it may undergo changes subsequent to the 
parturition which may endanger the life of the patient. 

Treatment.— The treatment of fibroid growths will depend upon 
the size of growths, their situation, and the constitutional effects. 
As these growths increase in size, the uterus necessarily becomes 
heavy. It is consequently desirable that the intra-abdominal pressure 
should be diminished and the patient will consequently be advised 
to wear loose clothing, to keep her bowels well regulated, and to avoid 
causes productive of uterine engorgement. It has been suggested 
that the patient may be placed upon a diet which deprives her of the 
materials which are largely found in the fibroid growth, and in this 
way make the tissues use up the superfluous material. The treatment 
is usually divided into medical, electric, and surgical. It was formerly 
the custom to administer large doses of ergot, continued over a long 
period, with the view of increasing the activity of the muscular struc- 
ture of the uterus and thus facilitate the extrusion of the mass, cither 
as a submucous or subperitoneal growth. This method of treatment, 
however, requires so long a period to produce its effect, led to degen- 
erative changes in other portions of the body as the result of the 
influence of the drug, that it is no longer advocated. The electric 
treatment for a time found many enthusiastic advocates, especially 
after the systematic employment of measured currents, as introduced 
by ApostoU. The galvanic current was employed, either the positive 
or negative pole inserted into the uterine cavity, according to the 
purpose desired. Then the external pole was applied, with a large 
electrode over the abdomen. Through this measured current from 
50 to 100 milliampi^res were employed, and repeated as the condition 
of the patient would permit. When the patient suffered from a tend- 
ency to bleed and it was desired to control the hemorrhage, the 
positive pole was employed in the uterine cavity for its electrolytic 
action. Where the purpose, on the contraiy, wm to decrease the size 
of the tumor, the negative pole was inserted within the uterus or 
thrust directly into the substance of the tumor, in this way producing 
a marked chemic effect which led to disintegration and absorption of 
the tumor. It was found, however, that it required repeated treat- 
nient to establish chuiges in the uterine mucosa sufficient to arrest 
hemorrhage, and that the employment of the negative pole for the 
purpose of reducing t^ size of the tumor was not only tedious, but 
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dangerous. The method of treatment has a place in cases where thh 
patient is unwilling to undergo operation, or when her condition of 
health is such as to render operative procedure especially perilous. 

Surgical Treatment , — ^The surgical treatment consists in the 
removal of the growth, through cither the vagina or the abdomen. 
Where the tumur is situated within the uterus, shows a disposition to 
be extruded, and is otherwise comparatively free from growths, the 
vagina affords an opportunity for various operative procedures, for 
either tlie complete removal of the uterus including the tumor or the 
preservation of the uterus and the sacrifice of the growth. The tumor 
may be removed through the vagina by torsion, excision, enucleation 
or morcellemcnt, and, finally, by hysterectomy. The procedure of 
election will depend entirely upon the size and situation of the growth. 
Where the tumor is pedunculated, has been expelled from the uterine 
cavity, or can be rendered readily accessible . through dilating the 
cervix, it may be very readily removed by torsion. This consists 
in grasping the tumor with a strong pair of vulsellum forceps. When 
this is a four-pronged instrument, the tumor can be rotated until its 
pedicle is completely twisted off, after which it is delivered by traction. 
Occasionally such a growth in the vagina may be so large as to render 
its deliveiy through the vulva, especially in the undilated vagina, 
exceedingly difficult, and I have in some instances had to divide the 
tumor, removing a portion of it and thus reducing its size. Another 
plan for removing such a tUmor is by excision of its pedicle. If the 
tumor is situated in the vagina, it may be of considerable size, ren- 
dering difficult the passage of an instrument' over it to its neck. The 
tumor is drawn down as far as possible, the finger as a guide is inserted 
through the vagina into the uterine canal, then a pair of scissors is 
introduced with the blades closed until they reach the pedicle of the 
tumor, when they are separated, and, with the finger already men- 
tioned, acting as a guide, the pedicle can be brought between the 
blades, of the scissors and cut through. This method of procedure 
was formerly considered to be dangerous, causing peril to the patient 
from hemorrhage, but it is now„rccognized that, with gauze packing 
carried into the uterine canal, any bleeding likely to occur from such, 
a growth can be controlled, so that the application of the ^craseur 
•for division of the pedicle of such a growth is no longer resoited to. 

The third method of removal of the growth is applicable to those 
cases which have not been extruded from the eavity of the womb 
and are attaehed by a broad base, either sessile or situated within the 
wall of the uterus. In such cases it may be necessary to split the 
cervix in order to reach the tumor. The point of the- incision will 
depend on the situation of the growth; thus, within the cavity of the- 
uterus, the incision may be bilateral. If situated in the anterior or 
posterior wall, the incision should be made through the corresponding 
lip or in the anterior wall. The incision may be made over the anterior 
fornix of the vagina, the bladder pushed up and then a transverso ;: 
incision made at the upper portion of the cervix, and the tumor thni/ 



BURQEBY OP UTERUS, BROAD LIGAMENTS, FALLOPIAN TUBES. 629 

exposed. An incision may be made transverse, and, if necessary, a 
second vertical incision may be added. The tissues are pushed back 
and the growth seized with double tenaculum and separated by blunt 
dissection, cither with the finger or a dissector. In this way the tumor 
can be enucleated from its bed. The enucleation may thus take 
place from the anterior wall, the posterior wall, or the cavity of the 
uterus, according to the situation of the growth. Where the opening 
is accessible, it may at once be closed. Where it is within the cavity 
of the uterus, it is well to introduce a wick of gauze for drainage and 
then to suture the incision in the neck, whether unilateral or bilateral, 
Morcellement is the removal of the tumor piecemeal, and is applicable 
to those growths which are too large to be readily brought through the 
canal. The tumor is exposed either through the cervical canal or by 
incisions, as already suggested for enucleation. A portion of the 
growth is then seized with double tenaculum fixation forceps, drawn 
down, and a section of it cut out. This can b(?st be accomplished 
with curved scissors or preferably with a double-edged bistoury. 
Before removing the section, it is well that the remaining portion of 
the tumor should be fixed with a pair of forc(>ps, so that it can be 
readily retained in sight. This procedure may go on until the tumor 
is sufficiently reduced to permit of its ready removal. With the 
completion of the operation it is wise to follow the course already 
suggested of the union of the divided surfaces. Provision should bo 
made, however, for drainage by the introduction of a wisp of gauze. 

Hysterectomy,— See Vaginal Hysterectomy, p. 640. The abdomi- 
nal procedures may be denominatc^d as myomectomy, enucleation, 
supravaginal hysterectomy, and panhystcrectomy. 

Myomectomy and Enucleation . — ^The abdominal cavity is opened 
in the median line; the uterus occupied by the growths is raised. 
When these growths are situated on the external surface, with more 
or less marked pedicle, the pedicle may be divided in double flaps and 
the growth removed, after which the hemorrhage is controlled by a 
catgut suture, and, finally, the flaps sutured together, covering the 
stump with peritoneum. A number of fibroid growths may thus be 
removed from the same uterus, and the organ still bo retained in a 
condition permitting it to perform its proper functions. 

Enucleation consists in the removal of growths that are situated 
within the wall of the uterus, either in the wall or in the uterine 
cavity. An incision is made over the growth, through which it is 
seized with fixation forceps, and, as traction is made upon it, the 
tissues are pushed back with the blunt dissector or with the finger, 
and the tumor thus completely removed. Where a number of fibroids 
exist, the aim should be to remove as many of them as possible 
through one incision, as otherwise, where a number exist, the uterme 
wall would be pretty well destroyed by the number of incisions. After 
the enucleation has been made, the openings are closed first by deep 
sutures, dipping down to but not into the . mucous membraner^ A 
number of sutpres aie introduced to bring the parts into apposition; 

VOL. V— 34* . 



530 SOBOERT OF TRE FEMALE OENITO-UBINART ORGANS. 

then intermediate sutures arc inserted, bringing together the super- 
ficial edges of the wound and a portion of the wall. After these 
sutures are tied a continuous catgut suture is introduced, carrying the 
peritoneum on cither side over the line of the wound. In this way a 
number of growths can be removed and a uterus retained which is 
capable of gestation. 

Supravaginal Hysterectomy and Panhysterectomy.— See Hyster- 
ectomy, p. 539. 

Carcinoma Uteri. — For carcinoma in general and the pathology 
of the condition in the uterus sec Vol. I. 

Carcinoma may affect any portion of the mucosa of the uterus. 
It is divided, acconling to its location, into first, carcinoma of the 
portio vaginalis, i. e., that portion of the cervix situated betweenr 
the external os and the insertion of the vagina; second, when the 
disease affects the cervix and is situated between the internal and 
the external os; and third, carcinoma of the body of the uterus, or 
that portion of it above the internal os. 

Carcinoma occurs in various organs of the body in both sexes, but 
of the gross number, nearly one-third the cases are uterine. For this 
reason twice as many women as men die from carcinoma. 

Histologically, the disease is divided into the squamous-cell and 
the cylindric-cell carcinoma. The former is known as epithelioma, 
and the latter as adenocarcinoma. The most frequent form of the 
disease is the squamous-cell carcinoma, involving the vaginal portion 
of the cervix. Next to this is the adenocarcinoma of the cervix. 
The squamous-cell carcinoma may develop in either the anterior or 
the posterior lip, or be situated at the site of an old laceration. It 
begins with sm^l, papilla-like nodules, which are hard at the base and 
more or less friable on the surface, and bleed on the slightest manipula- 
tion. This nodule consists of a proliferation of the epithelial cells, 
bluish white on the surface. On section, two well-marked zones arc 
distinguished — ^the first, a peripheral zone of a yellowish gray color, 
the consistence of brain tissue, which readily breaks down under 
manipulation; the second, or basal zone, is ‘in juxtaposition with the 
cervical tissue, is yellowish white in appearance, and of cartilaginous 
consistency, due to the infiltration of the epithelial cells. These are 
collected in nests surrounded with fibroxis striations of the connective 
tissue. These collections consist of friable homogeneous tissue, the 
so-called cancer nests. Pressure upon these surfaces extrudes the 
collection, presents small shallow depressions which should not be 
confounded with dilated ^ands of Naboth. Small papillary pro- 
jections develop rapidly and form cauliflower-like masses — the con- 
dition known as cauliflower cancer. Where this has existed for a 
length of time, the entire vagina may be filled with a large, rounded 
mass, grayish white in appearance, the surface covered with slough 
and exudate, while the entire tissue is exceedingly friable, easily 
broken down, and bleeds profusely. As the disease advances it 
progresses toward the vagma, and may involve it and the subjacent 
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tissue. Infiltrstion slso extends into the structure of the cervix, and 
in some cases, instead of the proliferation and cauliflower growth, 
we will find that the surface breaks down, becomes excavated, presents 
roughened, undermmed edges, with a base that is indurated, hard, 
and covered with friable tissue. Close investigation of n pn plft«TP« 
discloses glistening white trabeculs of fibrous tissue which constitute 
the stroma, and thin sections, when compressed and washed out, 
present a sieve-like structure showing the stroma within the cell 
collection. There are no S)Tnptom8 which indicate the development 
of this early condition, so that the disease is rarely discovered in its 
early stage. 

In the second stage there is a moderate disintegration, breaking 
down of the surface of the disease, and associated decided symptoms, 
which usually lead to its recognition. The patient has profuse, 
irregular bleeding, aggravated by touch and the marital relation. 
Examination discloses a partial or total destruction of the cervix 
or an irregular, cauliflower, fungating mass, which bleeds with the 
slightest touch and is easily broken down, causing the discharge of 
granular or brain-like tissue. The base of the structure consists of 
a yellowish white, hard, cartilage-like tissue, and may extend into 
the vault of the vagina and the connective tissue of the broad liga- 
ments. 

The third stage is characterized by extensive or complete destruc- 
tion of the cervix extending to the circumjacent structures. This 
form is recognized from the history alone, and without a vaginal 
examination. The entire cervix is destroyed, and the disease extends 
upward into the cavity of the organ, often presenting a sloughing, 
crater-like cavity, and, when the diseased tissue is scraped out, it 
leaves the womb a mere shell. Before this, however, it has invaded 
the structures upon either side, so that the parametrial tissues are 
extensively involved and the uterus well fixed. When it extends 
forward, involving the anterior wall of the vagina, the bladder may 
also become involved, and when this breaks down, -it leads to the 
formation of a fistula. Not infrequently the ureter is involved or 
surrounded by a mass of infiltrate which compresses it and interferes 
with the passage of the urine into the bladder. Fistulous communi- 
cations are often found between the bladder and the vagina or the 
rectum and the vagina. 

Adenocarcinoma of the cervix has its origin in cylindric cells 
covering its mucous membrane. It may begin cither in the super- 
ficial cells or in those lining the glands of the canal. It probably has 
a combined origin from both the ^wdular and surface epithelia. It 
may begin as a rounded nodule, and involve almost the entire cervix 
before disintegration follows, or it may develop in the form of tuter- 
cles, nodules, or papillary growths within the lumen of the cervical 
canal, which fill up its cavity or extrude from the os, while the external 
surface of the cervix is ali^tly involved. Occasionally the entire 
cervical canal is ^involved without uiy pathologio chimges being 
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perceptible about the external os. It appears as a hard, firm, waxy 
mass. In other cases the disease is associated with extensive inflam- 
mation of the diseased mucous membrane, as well as the muscle and 
cervical wall, which causes thickening and hardening of the entire 
cervix. As the disease advances nodules undergo necrosis, leaving 
a sloughing, crater-like cavity in place of the canal. When the 
disease is confined to the upper part of the canal, it may remain for 
a considerable time wholly unsuspected. As it progresses, it gradually 
extends downward and breaks through the extern^ os, but more 
frequently, unless laceration of the cervix has previously existed, it 
breaks through the cervical wall into the parametrium before the 
change is manifest outside the external os. The cervix above the 
internal os may be extensively disintegrated before the disease breaks 
through the latter. The ulceration rapidly penetrates the cervical 
wall, invades the parametria! connective tissue, and this may take 
place without any break in the continuity or any disturbance of the 
squamous epithelium of the portio vaginalis. Observation of the 
destructive influence of glandular infection of the cervix affords an 
explanation for the rapid invasion and penetration of the cervical 
wall, as we not infrequently find the entire cervix involved in cystic 
degeneration of the cervical glands. Occasionally the uterine mucous 
membrane may be the seat of isolated cancer nests, the result of 
metastasis. The disease may penetrate the peritoneum, but the 
vesicocervical septum is more frequently invaded. The ureter is 
probably involved in this form of disease more often than the bladder. 

Adenocarcinoma of the Body of the Uterus. — Adenocarcinoma of 
the body of the uterus has its origin in the mucous membrane lining 
the cavity, and arises either from its epithelium or from that lining 
the tubular glands. It occurs later in life, and is more likely to 
develop in women who have not given birth to children. It conse- 
quently affords the most hopeful outlook of any of the different 
varieties of uterine cancer. It may have its origin at any point in the 
cavity above the internal os. It is unusual for the disease to extend 
toward the internal os, and it rarely reaches the external os. It may 
begin as a circumscribed nodule, springing from the surface of the 
mucous menibrane, and consists of several delicate, papilla-like proc- 
esses. These processes may be irregular m their outline, or the 
surface of the growth may appear perfectly smooth. The nodule 
gradually increases in size and extends about its base, so that several 
sihaller nodules will frequently be found. I have seen it appear like 
a simply polypus, be^ning in a few glands, and project from the 
mucous membrane like a cauliflower growth of the c^ix, the pro- 
liferation increasing until the entire cavity is filled, and yet it may 
have only a small point of attachment to the surface. Such a growth 
may resemble the benign mucous polypus, but is more fragile; its sur- 
f^ is lees smooth, and it is more prone to hemorrhage. The p^ 
liferated tuato also is much larger in comparison to the size of its. 
pedicle th& is found in any benign growth. The disease of the body) 



SUBQEBT OF UTBBUS, BBOAD UQAMENTS, FALLOPIAN TUBES. 533 

is generally a localized growth, though occasionally it may apparently 
simultaneously involve the entire mucous membrane. The projec- 
tions or outshoots grow toward the direction of least resistance, and 
consequently fill up the entire uterine cavity. Such a uterus will be 
somewhat enlarged, feel more or less boggy, with possibly points of 
infiltration and hardness. The disorder may be suspected from the 
increased hemorrhage and offensive discharge. The diagnosis is made 
sure by dilatation of the cervix and the introduction of the finger, 
which reveals the cavity filled with a soft, friable, grayish yellow 
material, with a more or less hardened, infiltrated base. 

The tendency of the disease is to invade the deeper structures and 
gradually penetrate the wall of the uterus. Carcinoma is not confined 
to the organ in which it develops, but manifests a disposition to spread 
not only to contiguous tissues, but by the lymphatics, to stmctunis 
more or less remote, where it forms foci or nests of a character similar 
to the original. The principal method of introduction is through the 
lymph-channels. The epithelial cones project into the connective- 
tissue folds until they reach the large lymph-spaces. The disease is 
then carried to the lymphatic glands, which act as guards and for a 
time arrest its further progress. Unfortunately, however, it is not 
long before these barriers are overcome, when the disease reaches 
the deeper glands, involving those upon both sides of the aorta in the 
lumbar region. The early invasion of those glands makes the success- 
ful excision of the glands impossible. The disease, is more rapid in 
its progress when it is associated with pregnancy, or in women prior 
to the climacteric. The younger the woman and the more active her 
lymphatic circulation, the more rapid will be the metastasis, and the 
less hopeful the prognosis. When the disease occurs late in life, 
after the uterus has become atrophied and its l}rmphatics greatly 
diminished, the invasion is much slower and the disease is more likely 
to be confined for a length of time to the point where it originates. 
The proliferation and infiltration of the structures lead to obstruction 
of the circulation, which soon causes the new tissue to break down 
with ulceration and loss of structure. Around the ulcer is a zone of 
infiltration, and around the latter the demonstration of nature’s 
attempt to limit the disease by round-cell infiltration or an inflamma- 
tory zone. The disease is more likely to occur at or netir the climac- 
teric, although, it may develop at any period of the active sexual life 
of the individual. I have seen it as early as twenty years of age. 

iSympfowM.— The symptoms which are usually attributed to carci- 
noma are pain, hemorrhage, and offensive discharge. Unfortunately, 
these are not pathognomonic and may occur late. There is nothing 
in the early stage of the disease which would be likely to indicate its 
presence, either to the patient or the physician, and when the symptoms 
mentioned occur, it may be too late to afford any radical relief Of 
these symptoms, bleeding is the most important. It may be very 
sli^t, e. g., a few drops after straining at stool, after making any 
exertion, or following coition. As the disease advances, post-coitive 
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hemorrhage is a very constant symptom. In view of the possibilities 
hemorrhage, or even blecdmg, should always be considered as a 
danger-signal demanding the most careful investigation to determine 
its cause. This is especially to be appreciated when the bleeding 
occurs subsequent to the climacteric. After the cessation of men- 
struation the patient may have an occasional slight discharge of blood, 
which she may think is a return of the menstrual flow. It cannot be 
too strongly impressed upon women that bleeding at this period of 
life, even though slight in character, is a peremptory indication for 
a careful investigation. As the disease advances the hemorrhage 
increases. It may be very profuse, a bright stream, or occur in clots. 

In association with the hemorrhage, sometimes preceding it, the 
patient will have a very profuse watery discharge, of a stale, sweetish 
odor. Later, this discharge is mixed with traces of blood, is yellowish 
in color, may contain fragments of tissue, and become reddish brown 
or, Anally, a dark, smeary mass. This is due to the ulceration and 
disintegration of the affected structures. The odor becomes more 
disagreeable, and, Anally, has a penetrating, stinking smell, exc(;ed- 
ingly distressing to the patient and to all who are obliged to attend her. 
Such patients an^ frequently accustomed to having a discharge, and 
this is not noted or complained of until tho odor becomes so offensive 
as to be no longer endurable. The odor is due to the presence of putrid 
or saprophytic germs. The loss of blood, the offensive discharge, 
the absorption of decomposing products, lead to marked progressive 
anemia and to a cachexia. Contrary to the usual belief of patients 
pain is a late symptom. The cervix is not a very sensitive structure, 
and consequently it may become extensively diseased and broken 
down without producing any pain. Pain is usually a symptom of 
the invasion of the paracervical tissue. It increases as the disease 
extends upward, involving the endometrium, the contiguous tissue 
to the bladder, the rectum, or presses on the ureter. 

Physical signs necessarily depend upon the part of the uterus which is 
involved. Thus, in the portio vaginalis either a cauliflower-like mass Alls 
up the vagina, which is found to be continuous with the cervix, exceed- 
ingly friable to the touch, and bleeding easily, or the cervix is destroyed 
and presents an excavated cavity, with more or less hard, dense, 
inAltrated edges. When the disease exists in the cervix, in the form 
known as adenocarcinoma of the cervix, no external ulceration and 
no visible sign of disease may be perceived. Examination by touch, 
however, reveals the cervix to be dense, or that it presents points of 
hardness. Pressure upon the cervix may cause an offensive discharge 
or bleeding from the external os. The cervix is generally somewhat 
enlarged. In carcinoma of the body of the uterus the cervix may be 
free from any disease, the body may be slightly enlarged, present a 
soft mass, portions of which may be extruded into the vagma as the 
result of pressure and manipulation, or the wall of the uterus may 
present points of distinct hardness due to inAltration of the base. 
In the veiy early stages of the epithelioma it presents small nodules 
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or elevated masses, with a cartilage-like feel at the base, which might 
readily be mistaken for obstructed glands of Naboth. In the follicles 
of the latter, however, the surface presents a smooth outline, and is 
either whitish or yellowish, according to its contents. Punctuit; of 
the projection allows a thick, viscid material to be discharged, with 
collapse of the cyst, while puncture of a tubercle arising from malig- 
nant disease is attended only with discharge from its surface, while 
the base is hard and firm. 

Carcinoma of the uterus may be complicated by ovarian tumor, 
myomata, peri-uterine inflammation, arid pregnancy. Ovarian tumor 
may be cither malignant or benign, but dues not necessarily have any 
causative relation to the production of carcinoma, but when we 
realize the frequency of carcinoma of the uterus, and that fibromata 
occur in at least one-third of all women over thirty years of age, it 
does not seem surprising that the two diseases should occur simul- 
taneously. Peri-uterinc inflammation is not infrequent; in fact, as 
the disease advances, nature endeavors to establish limits to its 
progress and consequently forms an inflammatory barrier, the extent 
of which will depend somewhat upon the tissues involved. When it 
occurs in the pcri-utcrinc tissues, the existence of such inflammation, 
however, need not necessarily be considered as a consequence of 
malignant disease, as it may have preceded it and be due to other 
forms of infection. 

Pregnancy is not a very frequent complication. In the majority 
of cases carcinoma occurs late in life, at a period when pregnancy is 
unlikely. In addition, the disease itself tends to the development 
of sterility. Where pregnancy does occur, the gravity of the prognosis 
of the disease is increased. 

Diagnosis . — It is rare that carcinoma is diagnosed in its early 
stages, because there is nothing to lead to the suspicion of its develop- 
ment. Women who are suffering from lowered vitality and constitu- 
tional conditions which render them less resistant to the occurrence 
of such a disease would do well occasionally to be examined to make 
sure that the pelvic organs are in a healthy state. Lacerations of 
the pelvic floor, displacements of the uterus, recognized inflammatory 
changes, should be corrected with a view t(^ prevent the development 
of malignant conditions. 

It has been shown how the glands of Naboth may be distinguished 
from malignant nodules. In the more advanced stages of the disease 
the proliferation and cauliflower-like growths, upon the one hand, 
and the ulceration, destruction of tissue, and the infiltrated hard base, 
on the other, are sufficient to render certain the diagnosis of carcinoma 
in the cervix. In the cervical canal and that of the body of the uterus 
the offensive discharge, the bleeding, sensation of hardness and 
I'esistance, points of increased resistance in the wall of the uterus 
diould be sufficient to justify the strong suspicion of the prese^ of 
the disease. The diagnosis may be rendered certun by dilatation of 
the uterus and the exploration of its cavity by the finger, by the 
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removal of tissue obtained cither by means of the curette or by sec- 
tions, where the cervix is involved, and the examination of such tissue 
under the microscope. The microscope reveals the stroma or trabec- 
ular arrangement of the tissues, with accumulation of cells in the 
spaces known as the cell-nests. This arrangement of the structure 
will be sufficient, and shows also its tendency to break down and to 
extend to the surrounding structures. It is desirable, in removing 
tissue for examination, that the section should involve both the 
diseased and the adjoining healthy tissue, so^that the transition from 
the one to the other may be recognized. 

The conditions with which carcinoma may be confounded and 
from which it must be differentiated are chronic cervical catarrh with 
laceration, papillary erosion of the cervix, necrosis or fibroid polypus, 
syphilitic ulceration, partial retention of the products of conception, 
chorio-cpithclioma, and sarcoma. 

In chronic cervical catarrh and laceration the more delicate epithe- 
lium of the cervix is exposed, inffammatory changes take place, the 
ducts of the glands become narrowed and closed, secretion accumu- 
lates within the glands, eversion of the mucous membrane follows, 
and there is a thick, viscid discharge. In these cases, while the parts 
arc thickened and somewhat indurated, it does not present the hard, 
dense base that is associated with malignant disease nor is the surface 
of the tissue friable and easily broken down, although bleeding may 
take place freely where there is extensive granulation. The absence 
of loss of tissue is generally sufficient to confirm the diagnosis. Where 
there is any doubt, a section of the tissue should be subjected to 
microscopic examination. 

In papillary erosions of the cervix the papillse are exposed, become 
enlarged, present a red, angry appearance, and the surface looks as 
if it were raw. Investigation under the microscope, however, shows 
that the surface is covered with the cylindric epithelium, possibly in 
a single layer, and there is absence of any infiltration or peculiar 
Aggregation of cell structure, as in the malignant disease. Necrosis 
of fibroid polypus may be simply superficial, or involve its entire 
structure. Tlds may cause hemorrhage, an exceedingly offensive 
discharge, and lead to progressive anemia. The digital examination 
of the mass, however, is sufficient to show that the structure is hard, 
dense, firm, smooth in outline, and that only its superficial surface 
is undergoing ulceration or desquamation. In other cases where the 
entire structure is involved and the tumor may be breaking down, 
fragments of it may be pulled off which show the peculiar arrangement 
of the fibrous structure of the growth, and even its macroscopic 
appearance is sufficient to afford a positive diagnosis. 

In syphilitic ulceration there is loss of tissue and idceration of 
the cervix, but it is covered with granulation tissue mid rarely has an 
inffitrated or firm base. 

In partial retention of the products of conception hemorrhage and 
offensive discharge will be present, and cause fear of some malignant 
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condition, but the history of the case, examination of the patient, and 
digital examination of the uterine cavity are sufficient to disclose its 
true character, and upon removal of the material the symptoms cease. 

Chono-epitheUoma follows an abortion or recent labor. The 
tissue removed by the curette very much resembles placental tissue. 
It has not the structure of carcinoma, there being the absence of 
stroma. 

Sarcoma may occur at the same period of life as caremoma, and 
may involve either the cervix or the body, but the uterus is likely to 
increase in size to a greater depee, with less breakmg down of its 
structure. Hemorrhage is possibly more profuse, and under micro- 
scopic investigation the section shows the connective-tissue cell 
without stroma. 

Prognosis and Duration. — Unfortunately, we do not know enough 
of the origin of cancer, the methods by which it is carried from the 
point of original development, and the varying resistance of the 
individual to determine in any special case an absolute prognosis. 
Casra are seen in which the uterus is perfectly movable, in which the 
disease seems to be confined to a small portion, where the probability 
of excision through the healthy tissue is excellent — cases in which we 
would feel that the outlook should be favorable, and yet the removal 
of the disease is followed by early recurrence. There are other cases 
in which the cervix is extensively destroyed, in which it would seem 
that operation would be exceedingly difficult, and yet operation has 
been followed by years of absolute freedom from any return. It is 
customary to regard cases as cured only after five years without 
recurrence. Why it is that the cancer-cells or the cause for the pro- 
duction of the disease can remain in the tissues of the individual from 
three to five years before reproducing its kind is a difficult question 
to solve. 

It is very difficult to fix a duration for the disease when we are 
unable definitely to determine its early stage. The progress of the 
disease will also depend upon the period of life at which it originates. 
Thus, the earlier it occurs, the more rapid its progress. If it occurs 
late in life, after the lymphatics have undergone the atrophy which 
follows the climacteric, the disease is much slower in its progress, 
^rom one to three years would probably cover the duration of the 
disease in. the majority of cases when undisturbed. 

Treatment . — ^The treatment of carcinoma may be divided into the 
palliative and radical. The former should be considered only in 
those eases in which the disease comes under observation so late that 
it is no longer possible to accomplish its entire removal, e. g., when the 
disease has passed from the uterus into the parametria! tissues, or 
when it has passed through the lymphatic tissues to the lymphatic 
glands. In such cases the treatment will depend very much upon how 
far advanced the disease is. Whmi the patient is suffering from pro- 
fuse bleeding, foul discharge, the absorption of toxic products, and 
subsequently develc^ a marked cachexia, even though we are unable 
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to extirpate the entire disease, we can very greatly improve her 
condition for the time being by thoroughly curetting and scraping 
away the diseased tissue, cutting off the ragged edges, and, after 
arresting the hemorrhage, thoroughly cauterizing the surface with 
the thermocautery. The bleeding can be controlled by infiltrating 
the tissues with one part adrenalin chlorid to three parts salt solution. 
The control of the bleeding in this way enables the operator to see 
the field which is to be cauterized and to apply the cautery more 
effectually. By having a dry field, more tissue is destroyed, and 
consequently the zone which is liable to break down is thus cleared, 
with the discharge of the slough. After the surfaces have been thor- 
oughly cauterized the cavity may be packed with iodoform gauze, or 
preferably with gauze wrung out of a 2 per cent, solution of carbolic 
acid. Carbolized gauze acts as an anesthetic to the burnt surfac^e. 
The gauze should be permitted to remain about three days, when it 
is removed, and the cavity then irrigated with normal s^t solution. 
After the removal of the slough, the progress of the disease can be 
made much slower by swabbing the surface with tincture of iodin two 
or three times a week, and afterward packing it with iodoform gauze. 
The arrested hemorrhage, the removal of the disintegrated tissue, and 
the decreased discharge result in temporary marked improvement. 
Where the parametrial tissues are extensively involved, the only 
treatment is to keep the patient clean and ease her pain. She should 
be in a well-ventilated room, and douches of permanganate of potash 
alone, or alternating with thymol solutions, should be employed. 

For radical treatment see Hysterectomy (p. 539). 

Sarcoma. — Sarcoma may occur in either the mucous membrane or 
the wall of the uterus. Like carcinoma, it may develop in either the 
body or the cervix — more frequently in the latter. It occurs with 
much less frequency than carcinoma. It has its origin in the con- 
nective tissue. In the cervix it develops in the mucous membrane as 
small nodules or polypoid projections which may hang from the 
external os. These grape-like clusters are easily broken and bleed 
freely. It is advisable, in every case of mucous polypus projecting 
from the surface, that its structure, and particularly that of its base, 
should be examined to make sure that it is not sarcomatous. When 
.the disease develojps in the uterine wall, it may begin as a sarcomatous 
growth or have its origin in a degenerating fibroid. The latter is 
gradually infiltrated by sarcomatous degenerated tissue. 

The symptoms of sarcoma of the uterus are similar to those of 
carcinoma — hemorrhage, foul discharge, and pain, the latter less 
marked tlm it is in carcinoma. In sarcoma the uterus increases in 
size, and it is more soft and less resisting. The tissue presents a 
homogeneous appearance, absence of stroma, not infrequently the 
vessel-walls having been destroyed. The increasmg size, the absence 
of induration and of any stroma on microscopic examination, serve 
to rendte the diagnosis certain. 

Treatment . — The treatment, as m carcinoma, may be either |mlli-. 
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ative or radical. Palliative treatment consists in systematic measures 
to make the patient more comfortable. 

For radical treatment see Hysterectomy {vide infra). 

Chorio -epithelioma. — Malignant disease of the uterus originating 
in embryonic tissue is a condition which is now known as chorio- 
epithelioma. It was formerly supposed to be a degenerative change 
in the mole, but later investigation has shown that the presence of a 
mole is unnecessary. The disease has its origin in the syncytial cells. 
(For histology and pathology, see Vol. I, p. 813.) The disease follows 
an abortion, permature labor, or labor at term. After a few days to 
a few months repeated bleeding occurs, which gradually increases, 
and the patient suffers from prolonged hemorrhage. She will neces- 
sarily become quite anemic, extremely weak, and develop a cachexia. 
Examination of such a uterus with the curette results in the removal 
of a large quantity of friable tissue resembling the placenta, and 
associated with free bleeding. The uterine cavity is filled with 
necrotic tissue, which bleeds profusely, and from which the discharge 
is exceedingly offensive. The disease not infrequently presents 
metastases in the anterior wall of the vagina in the form of small 
nodules, which, when incised, show tissue similar to that removed 
from the uterus. The curettage of the uterus affords relief from 
hemorrhage but for a brief period, and subsequent curettement displays 
a reformation of the tissue. Unlike carcinoma, the disease is carried 
through the blood-vessels, producing metastasis in organs quite remote 
from the site in which it originated, e, in the liver, spleen, kidneys, 
intestines, diaphragm, pericardium, lungs, and pleura. 

Diagnosis . — When a patient gives a histo^ of pregnancy ter- 
minated either at term or during gestation, which is followed by profuse 
bleeding and foul discharge, and the formation of placenta-like mater- 
ial, the suspicion of a malignant condition is justifiable. The examina- 
tion of the curetted tissue discloses multiplication of the large decidual 
cells. Where there is a rapid return of hemorrhage after curettement, 
with profound anemia, elevated temperature, enlarged uterus, dilated 
os, and soft, friable tumor, but little room is left for doubt, and its 
grave character is further confirmed by the development of metastases 
which most frequently are found in the vicinity of the original trouble 
— in the vagina. The existence of a mass which discloses material 
of a homogeneous character without stroma makes it akin to sarcoma. 
It is distinguished from this disease, however, by its epithelial ele- 
ments. The prognosis is most grave. The treatment must be radical, 
and one which will insure the entire removal of the disease. The fact 
that the disease develops rapidly and metastases are liable to occur 
renders it evident that it should be recognized and treated early. 

Hysterectomy. — Hysterectomy means the removal of the uterus, 
either partial or complete, and may be performed either through the 
vagina or by an abdominal incision. Hysterectomy is done for 
diseased conditions within the uterus, such as fibroid growths, malig- 
nant degeneration, and inflammatory conditions which are sufficient 
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to necessitate the sacrifice of the ovaries and tubes, and where the 
uterus has undergone more or less change as the result of infection. 
The vaginal operation is attended with very much less discomfort to 
the patient, with a shorter convalescence, and with less danger of 
hernia. . It requires, however, that the vagina should be dilated or 
readily dilatable, that the uterus be not too large for its ready removal 
through this canal, and that the organ should be movable and easily 
brought down. Where the uterus is fixed high in the pelvis with a 
certain amount of inflammatory exudate, and the vagina is long and 
narrow, the vaginal operation will be attended with the greatest 
difficulty and increase the danger to the patient. 

Vaginal Hysterectomy.— Preporolion. — ^The patient prepared for 
hysterectomy should have had the alimentary canal thoroughly 
cleared out. The urine should be carefully examined, as well as the 
condition of the heart and Itmgs. During the twenty-four hours 
preceding the operation her diet should be restricted to food that will 
produce very little waste. A free enema to wash out the lower 
intestine should be given the morning preceding the operation. She 
should also be given a hot bath twenty-four hours prior to operation, 
and be kept m bed afterward. On the night before the time set for 
the operation the abdomen, as well as the external genitalia, should be 
thoroughly scrubbed with soap and hot water. While it is customary 
to apply a dressing over the abdomen during the night, I do not think 
this is wise, as it keeps the patient’s attention fastened upon the 
possibilities of the operation and tends to prevent her from resting. 
It is better that the abdomen should be again thoroughly washed the 
next morning, and then covered either with an aseptic or antiseptic 
dressing until the time for the operative procedure. After she is 
placed under an anesthetic, the vagina is thoroughly scrubbed with 
a piece of gauze and tincture of green soap and hot water, scrubbing 
the entire surface of the vagina in order to remove all deposits within 
its ctypts and folds. The soap is removed by sterile water, and finally 
the vagina is washed with alcohol. When the cervix is the site of 
malignant disease, it may be desirable to scrape away ulcerating, 
broken-down tissue, cut off projecting fragments, and, where it is 
possible, suture the healthy tissue over the diseased, or this may be 
. covered up by the use of a number of pair of double tehacula, which 
are hooked in each lip and thus close the opening. In malignant 
disease the broken-down surface is loaded with bacteria, which of 
themselves are productive of infection of the tissues opened up, but 
the greater danger is the implantation of fragments of the malignant 
disease upon the surface, causing its subsequent recurrence. 

InairumerUa.—The operator should be provided with four double 
tenacula, two fixation forceps, four retractors, two long tissue forceps, 
scissors, curved and straight, a dozen hemostats, two pedicle forceps, 
a myoma screw, needle-holder, ligature carrier, and assorted needles, 
short and long curved, these threaded with silk-thread carriers. 

Opero^.— The method of operation will depend upon the eon.:- 
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dition for which it is performed. In carcinoma of the cervix the raw 
surface should be covered over, as has been suggested, by suture, or 
the healthy surfaces pinned together by double tenacula over the 
diseased tissue. Even in fibroid growths it is well to seize the cervix 
with two double tenacula, applied in such a way as to close the openmg 
and prevent the discharges from the uterme cavity entering the 
vagina. 

An incision is carried around the cervix below the bladder and 
through the vaginal wall posteriorly. Through this incision the 
bladder is pushed away from the cervix in fmnt until the ptuitonemm 
is reached. Similarly the tissues are pushed away from the cei-vLx 
until the peritoneum is reached and opened posteriorly. Into the 
opening a long gauze pad is carried so as to hold back the intestines. 
The lower part of the broad ligament on either side may now be 
clampeil or ligated, and while the ligature is held tense and the cervix 
pulled in the opposite direction, the tissues arc cut through between 
the ligatures and the cervix. The ligature is cut short to prevent its 
being drawn off the stump. The peritoneum is opened in front, and 
the fundus of the uterus drawn down through the anterior fornix. 
One or two fingers passed over the fundus reach the broad ligament, 
pulling down the ovary and tube; ligatures are in8t>rte<l and tied, after 
which the broad ligament is clamped above the ligature with a strong 
hemostat. The broad ligament is cut through between the ligature 
and the uterus. A similar course is pursued upon the opposite side, 
and the uterus entirely removed. After the removal of the uterus, 
if any vessels bleed, they are seized with pressure forceps and ligated. 

Complete hemostasis must be obtained. When this has been accom- 
plished, the peritoneal surfaces are united to the vagina front and 
back. Each stump is drawn well down into the vagina, and a suture 
introduced at either angle, through the anterior wall of the vagina, 
through the stump, and out through the posterior wall of the vagina, 
and this suture tied over the stump, so that it is subsequently held in 
the angle of the vagina. A purse-string suture is finally inserted, 
beginning in the anterior p<!rituneum through the stump on one side, 
the posterior peritoneum, the stump of the opposite side, and brought 
out on the anterior fold in the peritoneum. This suture, thus inserted, 
after the inspection of the cavity, making sure that all instruments 
and gauze pads arc removed, and that no portion of the omentum or 
intestine drops down to be pinched, is drawn tight and tied. This 
procedure closes the peritoneal cavity. The .stumps in the vagina 
may now be pushed back behind the vaginal wall, and the latter 
closed by continuous catgut suture. The operation thus performed 
shuts out from the peritoneai cavity all raw surfaces. If any bleeding 
occurs, it will take place into the vagina. In the performance of this 
operation enucleation of the growths may be necessary at times in 
order to reduce the size of the uterus and to permit its being brought 
more readily throu^ the anterior fornix. "V^en the growths are of 
considerable size, however, it is wiser not to undertake the vaghud 



542 BUROERT OF THE FEMALE QENITO-URINART ORGANS. 

operation. In carcinoma, where the disease has taken up the greater 
part of the cervix, either in the squamous- or in the cylindric-ccU 
variety, it is wiser to do abdominal hysterectomy, as the latter permits 
a wider removal of tissue and less danger of injuring important struc- 
tures. 

Abdominal Hysterectomy.— Abdominal hysterectomy may be 
partial or complete. Partial hysterectomy is supravaginal, or the 
removal of the fundus of the uterus, performing the amputation at the 
junction of the neck with the body, or between the internal and 
external os. This operation is the one which is most frequently per- 
formed, and is employed in the treatment of fibroid growths of the 
uterus. It is contraindicated where there has been any marked 
injury to the cervix, or where a condition exists which would render 
possible the occurrence of malignant change, or where any part of 
the uterus Ls already the site of malignant degeneration. 

Imtruments . — See Vaginal Hysterectomy. 

Partial or Subtotal Hysterectomy. — As in va^nal hysterectomy, 
the vagina is thoroughly cleansed, an incision is made through the 
abdominal wall in the median line, beginning just above the symphysis 
and extending upward to the umbilicus, or above it, as may be neces- 
sary for the delivery of the growth. Having opened the abdominal 
cavity, the relations of the tumor are investigated, and the mass, 
penetrated by a myoma screw, is raised up and drawn out of the 
abdomen (Fig. 173). The broad ligaments, including the round 
ligament external to the ovaiy and tube or internal to one ovary, 
if its retention is desired, are clamped with strong forceps, and an 
incision made through the ligament on cither side, between the clamp 
and the uterus. An incision is carried across the peritoneum in front 
of the uterus, connecting the two lateral incisions, and the peritoneum 
and bladder are pushed down. As the broad ligament is thus spread 
out the uterine artciy can usually be recognized and should be clamped. 
The cervix is then cut across, and the uterine artery of the opposite 
side secured, after which the mass is removed. The clamped ovarian 
and uterine arteries are now ligated, the forceps removed from the 
uterine arteries, and the cavity sponged out to make sure that bleeding 
is controlled. The broad ligaments are then placed in the sulcus and 
the suture introduced in the tissue of one side, carried underneath 
the ligament, and in the tissue of the flap of the opposite side. This 
suture ligature is then tied external to the forceps on the stump, and 
a few stitches taken in the stump, so that it ^all not dip. Each 
ligament stump being thus secured in contact with the remainder 
of the cervix, the parts are thoroughly cleansed, and the intervening 
raw surface united by continuous suture. Having in this way closed 
off the stump from the peritoneal cavity, the parts are carefully 
juavestigated to make sure that hemorrhage is controUed, that from 
slipping of a ligature no artery is spurting, and, after the r^oval of 
all gauze pads, the abdominal wound is closed. In closmg this wound 
it is my custom to begin at the upper an^e of the wound with a needle 



SURGERY OF UTERUS, BROAD LIGAMENTS, FALLOPIAN TUBES. 643 


anned with a^ suture of chromic catgut, which is introduced through 
the aponeurosis, muscular structure, and peritoneum of the right side, 
and the external end of this suture secured with the hemostatic 
forceps. The needle is then brought out through the peritoneiun only 
of the left side, and continued through the remaining length of the 
wound, uniting the peritoneal surfaces until the lower anfdc of the 
wound is reached, when it is brought out through the muscular wall 
and the aponeurosis of the left side. The surface is then dried with 
gauze and interrupted silkworm-gut sutures, introduced about 1 cm. 
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apart, inserted and emerging the same distance from the edges of 
the wound, and carried through all the tissues down to the peritoneum. 
After tl^ sutures have been placed, the catgut suture is again resumed, 
and uni^ the edges of the aponeurods until the upper angle of the 
wound is reached, when the end of the suture that had been left 
damped with the hemostat is now utilized in tying the only buried 
^ot. The sUkworm-gut sutures are tied, drawing them only tight 
enough to hold the surfaces well in apposition, and between each of 
^hese sutures a superficial catgut suture is insert^. 

Panhysterectomy. — ^Panhysterectomy means the removal of the 
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entire uterus, ovaries, and tubes. The ovary may or may not also 
be removed. The tumor is exposed, as in the previous operation, 
the myoma screw inserted, and the mass drawn well over the symphy- 
sis, while the intestines are walled back with a long strip of sterile 
gauze. An incision is then made beneath the cervix into the posterior 
fornix of the vagina. This is most readily accomplished by haying 
previously introduced a bougie or a pair of forceps into the vagina, 
which an assistant pushes up, thus disclosing the site of the posterior 
vaginal fornix. Through the va^nal incision the cervix is seized 
with fixation forceps and is drawn into the opening. An incision is 
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then made around the vagina, separating it from the cervix (Fig. 174). 
This incision being completed, the cervix is pulled upon and separated 
from the bladder by blunt dissection. As we proceed and the tissues 
are tom, the uterine arteries can be seen either before they tear or 
immediately afterward, and each be clamped with a hemostat (Fig. 
175). The traction on the cervix is continued until the peritoneum 
above the bladder is reached, when this is pushed back and the 
remaining portion of the broad ligament on either side clamped and 
cut external to the ovary and tube. This procedure is known as the 
Doyen operation. The uterine and ovarian arteries are now liga^ 
with chromic catgut, the peritoneal surfaces united over the vagima 
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with a continuous suture of the same material, turning all stumps into 
the vagina. Having completed this closure and inspected the surface 
to make certain no blecdmg exists, the gauze pads are removed and 
the abdominal wound is closed, as in the method pi'cviously sug- 
gested. Unfortunately, not every case can be thus easily managed. 
The fibroid growths may involve the uterus to such a degree as not 
to permit it to be lifted, or they may be complicated by extensive 
inflammatory adhesions and short ligaments, so that the uterus is 
prevented from being raised, and the operator cannot reach the 
posterior vaginal fornix. In such cases the procedure, which has been 
previously suggested, of clamping tmd cutting the broad ligaments 
on cither side, can be practised until the uterus is thus permitted to be 



Fi(j. 17 A. — Cervix Separated from the Vagina and being Pulled Away from the Bladder 
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raised up, and the vagina opened into, separated from the cervix, and 
the mass removed. But neither is the latter method applicable to all 
cases, because we may find that the broad ligaments are occupied by in- 
traligamenta^ fibroids, so that we can neither reach the posterior fornix 
nor go down upon either side of the utterus. In some cases the uterus, 
can be reached from above, the uterus thrown back into the abdomen 
or dragged upward, and the bladder pushed down, the vagina opened 
in front, the cervix seized, drawn forward, and separated from the 
vagma. In this case the uterine arteries are first ligated. Where this 
procedure cannot be employed, it is well to split through the tumor 
Md uterus, dividing the latter into two portions, removing first one-half 
and then the* other (Fig. 176). In this way intraUgamentary fibroid 
growths which fill up 'the broad ligament on either side are easily 
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shelled out of the peritoneal folds, separated from the ureters, and 
injury to these ducts avoided, which would not be possible had the 
attempt been made to operate upon the broad ligaments from above. 
In hysterectomy for carcinoma of the uterus it is desirable that as 
much of the parametrial tissue should be removed as possible. In 
order to do this the broad ligament is raised on the one side, clamped 
externally to the ovary and tube, the round ligament is clamped well 
out on the side of the pelvis, and this portion of the broad ligament 
cut through. The opposite side is treated in the same way. The 
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peritoneum above the bladder is then cut through, and the bladder 
and peritoneum pushed downward. The tissues of the broad liga- 
ment are spread out, the ureter looked for, and a pair of forceps or the 
fin^r pushed through in the line of the ureter, and the tissue above 
it, which includes the uterine artery, is clamped or ligated and cut. 
The uterosacral ligaments are cut posteriorly. This permits the 
.uterus to be well drawn up, and the operator to get below the cervix 
upon the i^gina. With a pair of angular forceps the vagina is clamped 
on either side below the cervix, and cut through below the foreepSi 
In this way any discharges from the uterus and infectious tissue from 
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a cervix are retained and removed with the mass. The vagina below 
is carefully sponged out, all bleeding vessels secured, the uterine 
arteries on either side having been previously ligated; the ovarian 
arteries and the ends of the round ligaments are each separately 
ligat^. In this way the parametria! tissue and the glands which 
are likely to be the seat of infection are readily removed. Enlarged 
glands in the inguinal region upon either side are then removed, as 
well as those at the bifurcation of the aorta posteriorly. As far as 
possible the peritoneal surfaces are united. The cavity of the pelvis 
may be packed with iodoform gauze, the end of which is brought out 
into the vagina. The abdominal wound is closed in the methods 
already suggested. 

After-treatment.— The convalescence of the patient after a vaginal 
hysterectomy is much more rapid and attended with less discomfort 
when the conditions are equally grave than where the diseased struc- 
ture has been removed through an abdominal incision. The only 
dressing in these cases consists in packing some iodoform gauze into 
the vagina, which packing may remain for three days, except in those 
cases in which the peritoneum was not closed above the vagina, and 
the gauze has been packed directly into the peritoneal cavity holding 
up the intestines. In such cases the gauze should be left for five or 
six days. During this time adhesions are formed which prevent the 
intestines being dragged down with the removal of the gauze; also 
the gauze has become saturated with serum and plastic material from 
the abdominal cavity, and is easily drawn away from the viscera. 
If it is removed at an earlier date, a knuckle of intestmc is sometimes 
so firmly adherent to the surface of the gauze that it is drawn into the 
vagina, causes worry, and, if not recognized, might very readily pro- 
duce unfortunate adhesions. I have seen a numto of cases of vaginal 
hysterectomy in which a coil of intestine had become adherent to the 
surface sometimes producing obstruction during the convalescence, 
and at other times being the cause of fatal obstruction years after the 
original procedure. Even though such an adhesion does not interfere 
with the caliber, it may cause obstruction under peristaltic action; 
the adhesion is a fixed point, the bowel becomes twisted, its caliber 
obstructed, and the patient suffers and probably perishes, with all 
the symptoms of strangulation. 1 have known instances in which the 
patient suffered from symptoms of obstruction so profound as to lead 
to fecal vomiting. When later it became untwisted there would be a 
copious movement of the bowels, and' the patient would consider her- 
^ recovered. But it is unsafe to leave such a patient without reopen- 
ing the wound and separating the adhesions. 

In abdominal hysterectomy a patient much enfeebled by loss of 
blood and a prolonged operation may suffer profoundly from shock. 
This is best treated by keeping her pei^ectly quiet, surrounded with 
hot bottles, warm blankets to maintain the body heat, the application 
of bandages to the extremities, each leg bwg bandaged as far as the 
trunk; the arms may also be bandaged, thus throwing the blood back 
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into the more vital centers, where it is most needed; the administration 
of remedies with a view to stimulate the heart’s action, and also to keep 
the blood-vessels contracted. For the latter purpose possibly some asep- 
tic preparation of ergot is most effective. It promotes the contraction 
of the blood-vessels and acts consequently through the whole circulation. 
Strychnin, digitalis, adrenalin chlorid, and ether are the most active 
agents which may be administered hypodermically. Salt solution 
may be injected mto the bowel, giving three or four ounces every three 
hours, by hypodermoclysis, the needle being inserted beneath each 
breast, and one pint of salt solution thus introduced in each side, or, 
when the shock is profound, the administration of salt solution by 
intravenous injection, through openmg of a vein in the front of the 
arm and the insertion of a cannula or needle, through which the 
salt solution is introduced. One or two pints of salt solution may 
thus be employed. Too largo a quantity should not be employed, as 
the heart may become flooded and it may be dammed back in the 
lungs, causing pulmonary edema. Where the patient has lost con- 
siderable blood and still shows a disposition to bleed, 1:1000 solution 
adrenalin chlorid, 1 to 2 drams, or caffein citrate, 3 to 5 grains, may 
be added. If she perspires freely, the skin showing a disposition to 
leak, atropin sulphate, to grain hypodermically, should be 
given. Direct transfusion of blood, as done by Crilc and others, 
may be of the gn;atest service, and save life, even in desperate cases 
(p. 615). 

One of the most frequently distressing symptoms after operation 
is vomiting. This takes place as a result of the anesthetic, but such 
vomiting should terminate within twelve hours. Where the nausea 
and vomiting continue for a longer period, especially for more than 
twenty-four hours, it may be accepted as an evidence of beginning 
peritonitis. Various measures are employed for the relief of these 
symptoms, among them acetanilid, 1 to 2 grains, every hour until three 
doses have been given; tincture of nux vomica, 1 or 2 drops every 
hour; creosote, ^ drop every three or four hours; the administration 
of a Seidlitz powder, dissolving the blue powder in half a glass of water 
and dropping the white powder dry upon this, and giving it while it 
is effervescing, dlrectmg the patient to retain it. If she does so, the 
• distention of the stomach causes a portion of it to be carried over into 
the duodenum, and, when the intestmes are pretty wdl evacuated, 
the patient is unlikely to continue to suffer from nausea and vomiting. 
Where the condition is persistent, with more or less distention of the 
upper part of the abdomen, the stomach-tube should be used, and 
t^ stomach washed out with normal salt solution until the water runs 
clear and free. The patient may then be given a hypodermic injection 
of morphin. Vomitmg at this stage usually indicates peritonitis, and 
^the moat effective treatment is to keep the patient moderately under 
the'^ihfluenee of morphm. The initial dose may be ^ to ^ grain, and 
subsequently to grain every three hours. During its admim- 
istration nothing should be given by the mouth. She f^ould be fe4 
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by the rectum, and preferably with normal salt solution. No 
more eflFectivc measure can be employed than continuous instillation 
of a salt solution into the rectum, as suggested by Murphy, with the 
patient placed in Fowler's position. (For details, see Vol. III., pp. 775- 
777.) If an elevation of temperature follows the operation, careful inves- 
tigation should be made to discover its cause. An examination of the 
blood should be made, to determine the presence of leukocytosis. The 
wound and the pelvic cavity are both carefully examined, to determine 
whether there is any grave cause for the condition. Vomiting may 
persist until the patient vomits fecal matter. The occurnmee of 
vomiting associated with distention of the abdomen and inability to 
accomplish the evacuation of the bowels, and especially the vomiting 
of fecal matter, should lead to reopening of the wound, as not infre- 
quently such symptoms arise from a volvulus or twist in the intestine. 
Elevation of temperature during convalescence should also be a 
reason for careful investigation of the field of operation. Any indica- 
tion of accumulation within the pelvis or thickening around the 
stump of the uterus where supravaginal hysterectomy has been done, 
or about the vaginal wound, should b(> an indication for immediate 
vaginal puncture. Gauze should be inserted to insure free evacuation 
of pelvic accumulations. 

Operative Injuries , — ^The bladder, intestines, and the ureter may 
be injured during the operation. When an opening has been made 
into the bladder, it should be at once closed with a double row of 
catgut sutures. Likewise in intestinal wounds the opening should be 
immediately sutured, and a second row of sutures outside the original 
should be inserted. The uret(?r may be cut or ligated during the 
procedure. When the latter has taken place, and especially the? 
ligation of both ureters, it will lead to absolute unilateral or bilateral 
failure of urinary secretion. When it is evident that this condition 
exists from the continued failure to secrete urine, the abdomen should 
be reopened, the ligatures removed, and the condition of the ureters 
determined. . Occasionally it will be found that the patient is passing 
urine through the vagina or the vaginal wound. This, of course, 
indicates that the ureter or the bladder has been injured, and the 
patient suffers from incontinence. This condition need not require 
an immediate operation. It is better to allow the convalescence to 
proceed for a time to see whether the opening may not contract and 
the discharge cease. Whether the condition exists in the ureter or 
is in the bladder can be determined by injecting some colored fluid. 
After injection, if the liquid continues to run clear through the vagina, 
it is evident that a ureterovaginal fistula exists. In such cases the 
uterus having been removed, it is a less formidable procedure to make 
an incision into the bladder through the anterior vaginal wall and 
use the lower flap of this for insertion into the posterior wall of the 
va^na, thus slightly shortening the canal and making the point at 
which the urine enters the vagina a part of the bladder. 

If the patient does well, she should be given a generous diet after 
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a few days. The sutures should be removed from the eighth to the 
tenth day. When the ventrum is weak, the abdomen should be 
supported by strips of iodoform gauze passed the greater way around 
the trunk, and holding in place a small aseptic dressing. She uiay 
sit up at the end of two weeks, and at the end of three weeks, if the 
wound has healed by first intention, she may return home. When the 
termination is not so favorable, she should be required to remain in 
bed for a longer time. Stitch abscesses or abscess' of the abdominal 
wall may occasionally occur. Their occurrence causes elevation of 
temperature, pain, and discomfort. The infected sutures may be 
much slower in undergoing disintegration where such infection arises, 
so after a judicious time the sinus should be explored by a hooked 
instrument, which catches the buried suture and assists in its removal, 
after which very generally the entire wound heals. Formerly, it 
was the custom to bury silk or other non-absorbable sutures, and such 
suppuration continued as long as any portion of the suture remained. 


SURGERY OF THE BROAD LIGAMENTS. 

The broad ligaments afford a limited field for surgical measures. 
It is true that the broad ligament may be the seat of ovarian and 
parovarian cysts and intraligamentary myomata, but the treatment 
of these conditions is preferably considered under the particular 
growth. Occasionally there will be found in the broad ligament cystic 
growths which are independent of any other structure. The origin 
of these growths, however, must be a question of doubt, as it is not 
impossible that fibroids which have originally been connected with 
the uterus have been separated from it and have migrated. A cyst 
in this situation may be pedunculated, having drawn the broad 
ligament out by its weight, but more frequently it is situated within 
the layers of the ligament. The diagnosis of these conditions is 
rather difficult, and may not be made until the abdomen is opened. 
Should a growth be discovered in the broad ligament, the latter 
should be opened and the tumor dissected out, following which all 
vessels should be carefully secured and the peritoneal surfaces closed. 
The broad ligament is frequently the seat of infective processes, which 
may result in extensive extravasation and suppuration. These may 
have reached the broad ligament through injuries to the vagina or 
uterus. In some cases it may be through the Fallopian tube. Where 
possible, it is wise to forestall suppuration by vagin^ incision, through 
which the ligament is spread out and drainage permitted by gauze 
packing. 

Surgery op the Fallopian Tubbs. 

Inflanmifttion of the F&llopUui tubes is the direct result of 
iirfection, which, in the majority of cases, comes through the uterus. 
Its gravity will depend upon the virulence of the infection and the 
resistance of the patient. The most frequent causes are gonorrhea 
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and sepsis, and these, with rare exceptions, travel through the uterus. 
The inflammation may be slight, form simply a oatairhal salpingitis, 
or be very severe, involving all the structures of the tube. The 
former is known as the catarrhal and the latter as the suppurative 
form. In the slight inflammation the condition is supei’ficial, involv- 
ing the epithelium and the tissue upon which it rests. In the mom 
virulent form it passes rapidly through the epithelium to the deeper* 
structures, causing extensive destruction. In addition to the source 
of the infection named the right side of the pelvis may be infected 
from a diseased appendix or a tube, which contains a collection of 
blood and is adherent to a knuckle of intestine, and may receive 
infection through the latter. In tuberculous salpingitis the infection 
may reach the tube either through the uterus, or, more gimerally, 
the peritoneum, or possibly the blood. With the entrance of mfection 
there follows swelling of the epithelium, the surface becomes edema- 
tous and granular, with infiltration of the deciper structures from 
inflammatory products. Serous effusion takes place into the tubt?, 
with loss of cilia, especially on the free surface, while they may remain 
between the folds. The epithelium of the tube is well preserved on 
the surface, even in extensive suppuration. Inflammation of the tube 
leads at a very early period to irritation of the peritoneum and agglu- 
tination of the abdommal end. This is an effort upon the part of 
nature to obstruct the further progress of the disease. The uterine 
end becomes closed by swelling, and later by exudate, which collects 
in the tube. The effusion in the tube may be either serous or purulent, 
according to the virulence of the infection and the resisting power of 
the patient. In either cases it is likely to increase, forming, in the one, 
a serous collection, and in the other, a collection of pus. 

Excessive hyperemia of the tubal surface or a partial twisting of 
its neck may cause rupture of the vessels, and result in an extensive 
accumulation of blood. The condition is known as hematosalpinx. 
It is more frequently associated with retrogressive changes in ectopic 
gestation. When the pedicle of a simple cyst becomes twist('d and 
rapid development occurs as the result of the hemorrhage, which may 
take place into the sac, and also into the abdominal cavity, it may lead 
to the suspicion of a ruptured ectopic gestation. Occasionally the 
swelling of the uterine end is overcome by distention, and the fluid 
drains into the uterus. When this occurs at frequent intervals, the 
condition is known as hydrops tubes profiuens. The muscular coat 
of the tube is made up of circular and longitudinal fibers; the contrac- 
tion of the former, under inflammatory changes, may lead to' a 
number of pockets or cysts, or, when in the longitudinal layer, the 
tube becomes shortened, the peritoneal coat is pushed over it like the 
cuff of one’s coat over the hand, and the irritation of the peritoneal 
surfaces leads to the abdominal end becoming closed, forming a 
sac. Occasionally the contraction is not sufficient to complete the 
retraction of all the fimbrise; one or more of these protruding renders 
leakage from the sac likely to occur. This is a frequent cause for 
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recurring attacks of peritoneal irritation and slight peritonitis. The 
small-cell infiltration and thickening of the longitudinal folds not 
infrequently fill up and obliterate the cavity (Fig. 177). When 
the inflammation is extensive, the entire structure of the tube may be 
thus infiltrated, forming a large, hard mass. The longitudinal folds 



frequently lose their epithelium and, becoming adherent, simulate 
distended glands. The tube may become greatly thinned and dis- 
tended, forming a large cyst known as a hydrosalpinx. This may be 
freely movable and without adhesions, or may be fixed. Where the 
inflammation is particularly virulent, the collection within the tube 
is purulent, the two walls are thickened, the inflamma tion extends to 
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the adjacent structures, causing adhesions to the coils of intestine, 
the omentum, the uterus, the ovary, and the parietal peritoneum 
(Fig. 178). The tube becoming heavy from inflammation may drop 
into Douglas’ pouch and become adherent to the sigmoid or the side 
of the rectum. Where pus-collections exist, the distention may lead 
to perforation of the rectum and the discharge of the contents through 
the bowel. Such a sac is never completely emptied. It partially 
empties itself, the pressure is removed, the opening may temporarily 
close, and the reaccumulation reopens it. Such a course mav continue 




Via. 178. — DiSTaNPED Fub-tubbci. (Montgomery.) 

A, 'rube whose pedicle was twisted, sao filled with blood and pus ; riglit tube filled with pus. 

for a period of years or until the strength of the patient is exhausted. 
Involvement of both tubes may lead to their dropping into Douglas’ 
pouch and their tubal ends coming in contact and becoming adherent, 
forming one large sac (Fig. 179). The adhesion of the orifice of the 
tube to the ovary will frequently result in the transudation of the 
infection and the formation of a tubo-ovaiian mass, which may 
attain to considerable size (Fig. 180). Where a pyosalpinx exists 
for a long time, the acute inflammatory symptoms subsidihg, the more 
solid portions of its contents are deposited upon the wall of the cyst, 
and the fluid eventually becomes clear, forming a hydrosalpinx. 
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Symptoms. — ^There are no characteristic symptoms of tubal 
inflammation. The patient who suffers from pain and tenderness 
over the lower portion of the abdomen, with a certain amount of dis- 
tention and swelling, tenderness on motion, painful evacuation of the 
bowels, and marked tenderness during coition, makes it evident that 
there is inflammatory trouble which has more than likely reached 
the peritoneum by the Fallopian tubes. The normal tube is scarcely 
palpable. When it becomes thickened with salpingitis or parenchy- 
matous inflammation, it may be recognized as a more or less well- 



Flo. 179. — Double Pyobalpinx, with Aphesionb to the Rectum and Utebub, and on the 
Right to the Appendix. (Montgomery.) 


defin^ and thickened cord, which is extremely sensitive to pressure. 
The inflamed tube may vary in size from a mere cord to a large, 
gourd-like mass, or one which resembles a number of sausage links 
or has the shape of a sweet potato. 

Diagnoris. — ^The recognition by palpation that the uterus is bound 
down, the mass situated upon either side of it or extending up toward 
the brim of the pel^, may be accepted as evidence of the presence 
of' tubal inflammation. This is distinguished from an ovasdan cyst 
by the fact that the latter is more or less spheric, has a distinct pedide 
between it and the uterus, while in the tubes the enlargement begins 
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near to the uterus and increases in extent as they pass upward (Fig. 
181). The mass may so encircle the ovary as to make it difficult to 
determine that the latter organ is not itself partaking in the inflamma- 
tory process. A tumor which is retort-shaped, quite movable, is 
without a doubt a hydrosalpinx^ while a pyosalpinx is more likely 
to be adherent to the surrounding structures (Fig. 182). Not infre- 
quently it may be situated at the side of the pelvis, embedded in a 
mass of exudation, but more frequently it lies behind the uterus in 
Douglas' pouch. A tubo-ovarian cyst is recognizcid by the greater 



Flo. 180. — Double Tubo-ovarian Ctbt. (Montgomery.) 


increase in size of its external part, forming a more marked bell or 
retort shape. 

In the examination of these patients it is important that the 
greatest care should be exercised in pressure, as otherwise rupture may 
occur, and the contents escape into the peritoneal cavity. Unless 
the contents are sterile, such an escape will be attended with grave 
danger from the rapid development of a fulminating peritonitis. 

Prognosis.— Tubal inflammation should always be considered as 
attended with grave danger. Even in the mildest forms it is impor- 
tant that the patient should be subjected to treatment, with a view 
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to its arrest, if possible, before destruction of the function of the tube 
has occurred. When it is associated with pelvic peritonitis and the 
infection is virulent, as in the streptococcic form, it may be one of the 
most dangerous lesions that can confront the surgeon. When asso- 
ciated with disease of the ovaries and extensive suppuration of the 



Fig. 181.— Chbonic Salpinqitu. (Montgomeiy.) 
a, Union of folds forming i^nd-lik» areas; b, thickened and retiacted fold; e, desquamation 
of epithelium; d, hyperplasia of tubal wall. 

tube, the possibility of cure in the sense of restoration of function is 
impossible. Even should the patient recover, she is sexually handi- 
capped for life. 

Treatment. — The treatment of tubal disease consists in absolute 
rest, the application of cold in the form of an ice-bag over the abdomen. 



Fig. 182.— Htobosalpinx. (Montgomety.) 


the administration of remedies that will provoke free watery evacua- 
tion of the bowelSi thus making the intestines dr^ the inflamed 
peritoneum^ and the restriction of diet to the absolute need to sustain 
her. It is preferable that operative procedure should be postponed 
until the subsidence of the more acute attack, unless it is evident 


8VBGEBY OF THE FALLOPIAN TUBBS. 


657 


that free effusion has taken place into the peritoneal cavity, or that 
Douglas’ pouch contains collections which are readily accessible 
through the vagina. In such cases the evacuation of the contents of 
Douglas’ pouch, the opening of pus-sacs, the irrigation of the cavity, 
and packing it with iodoform gauze wjU not infrequently serve the 
purpose of bringing about an arrest of the inffammatory process. In 
other cases, especially where a number of septa have formed in the 
tube, forming several sacs, this procedure will be ineffective in estab- 



Fjo. 183.--RBifovAL or Portion or tbs Tobr in Cornu or Uterub. 


lishing complete relief: When it is necessary to open the abdomen, 
or when operating in the intervals, after the subsidence of the acute 
inflammation, the treatment of the tube will depend.upon the changes 
it has imdergone. In some cases the separation of adhesions, milking 
out of the fluid from the tube, and cleansing the surface will be 
sufficient to bring about a restoration of health without the sacrifice 
of tissue. In other cases, where the tube is obstructed and serous 
effusion is contained within it, the tube may be opened, adhesions 
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broken up that close its abdominal end, the fimbrise set free, and in 
some cases the peritoneum turned back like a cuff over its end and 
secured by means of sutures, so that the mucous end of the tube will 
be unobstructed. Where the end of the tube is much diseased, it 
may be found necessary to i^esect it, leaving the healthy portion of 
the tube, uniting its mucous membrane to the peritoneal surface and 
attaching it to the side of the ovary. This still leaves a channel 
through which the ovum may enter the uterus. Where the tube is 
extensively diseased and is the seat of suppuration, it may be neces- 
sary to sacrifice one or both tubes. In these cases, if an ovary is in 
a healthy condition it should be left, dissecting off the tube only, as 
it is impossible, in any individual case, to determine what influence 
c^ration may have upon her subsequent mental life. It makes no 
difference how little the individual values the possession of children, 
if she once realizes that she is bereft of the possibility of procreation, 
what she has lost seems to be one of her most valuable possessions. 
The retention of the ovary favors the continuation of menstruation, 
and as long as she has this visible evidence of the possibility of pro- 
creation, she remams hopeful. Where suppuration exists in the 
tube, it is wise that the latter should be removed into the cornu of 
the uterus (Fig. 183) find the raw surfaces united by sutures, using for 
this purpose continuous chromic catgut, securing with the suture the 
branches of the uterine and ovarian arteries. Before the abdominal 
wound is closed, the pelvis should be carefully inspected to see that all 
hemorrhage is absolutdy controlled. 

The Fallopian tubes may be the seat of both benign and malignant 
growths. The benign g^wths found in the tube are fibroma, fibrocyst, 
enchondromata, dermoid and small cysts, polypus, and papillomata. 
These growths in this situation are extremely rare. Sarcoma, car- 
cinoma, and chorio-epithelioma are also found in the tube. These 
are most frequently secondary, except the latter, which may develop 
in the tube just the same as it does in the uterus. The recognition of 
malignant conditions, of course, demands, where possible, the entire 
removal of the tube, and when . secondary, of the ovary and the 
uteruB also. 

Surgery of the ovaries. 

Inflammation of the ovary occurs in two forms: inflammation 
of the structure of the organ and of its periphery. The former is 
designated as oophoritis, and the latter as peri-oophorilis. Hyperemia 
or congestion of the ovary may result from infection. When we con- 
sider that the ovary undergoes rupture of a Graafian follicle, with the 
discharge of its contents each month or oftener, and this is followed 
by a collection of blood which undergoes a retrogressive process, it 
can be easily understood how infection may reach the ovary through 
the Fallopian tube and an abscess result. Not infrequently do we 
find that collections of blood-clots take place in the organ, known as an 
ovarian apoplexy, or a larger collection of blood — an ovarian hematomas 
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The ovary may be completely destroyed, forming a mere shell or sac 
resembling an ordinary cyst. 

OophorUis is ui inflammation of the structure of the ovary, which 
may be either acute or chronic, gonorrheal or septic. It is charac- 
terized by all the signs of inflammation, such as swelling, engorgement 
of blood, increase in size of the blood-vessels, extravasation of blood, 
and the formation of pus. The latter may involve only a small part 
of the ovary, or the entire organ may be taken up by the abscess. 
The ovary may be infected through the Fallopian tube, by way of the 
lymphatics or blood-vessels, or by contact with a knuckle of intestine 
or with an inflamed appendix. The abscess may involve the ovary 
alone, with a similar condition in the corresponding tube, the suppu- 
rating ovaries generally becoming adherent to the surrounding 
structures. If the walls are thick, the pus may remain relatively 
quiescent, and be the cause only of continued ill health. The suppu- 
rating ovary is generally adherent to the surrounding structures and 
can drain through the intestine, the bladder, or the vagina. The 
cavity thus evacuated may become contracted and ultimately dis- 
appear. An abscess in the ovary, however, is not always associated 
with peri-odphoritis. Peri-oophoritis results in marked thickening 
of the envelop of the ovary, the tunica albuginea, which becomes so 
Arm and resistant that it is not readily ruptured by the maturing 
Graafian follicle, so that an ovary thus infected is likely to contain a 
number of small cysts which have evidently failed to rupture. This 
leads to cystic degeneration of the organ. Chronic o&phoritis is not 
infrequently associated with mumps. Peri-oophoritis is the result 
of inflammation which has extended from the Fallopian tube, involving 
the surface of the ovary, causing it to be bound down and covered 
with a mass of adhesions. It may be a part of a widely extended 
inflammatory process, is generally associated with fixation of the 
end of the tube; not infrequently the uterus is also adherent. This 
inflammation interferes with the normal function of the ovary so that 
it is impossible for on ovum to escape from the fully matured Graafian 
follicle. The ovary is generally situated in Douglas’ pouch, where 
it is fixed between the rectum and the uterus, and subject to pressure 
from a distended rectum, and injured by the impinging male organ 
during coition, so that the life of the individual is attended with severe 
discomfort. 

Symptoms. — Like disease of the tubes, odphoritis exhibits no 
characteristic symptoms. Even in acute cases there is nothing present 
which, can be said to be a positive indication of the ovarian lesion. 
In the less severe forms, however, we recognize symptoms which can 

justly attributed to ovarian disease. Of these, pain is the only 
constant symptom in .all varieties of pelvic inflammation. It is more 
likely to be fdt in pwi-pdphoritis a week or ten days prior to metn- 
struation. At this time, the ovary becomes engorged with blood and 
the pressure of the adhesions upon the distended ovary produces 
distressing pain. > This piun may be fdt in the inguinal region over 
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the ovary, more possibly as an ache. It is also not infrequently 
found that the corresponding mammary gland is the seat of a severe 
pain. The pain in the ovary is aggravated by pressure through the 
vagina or the rectum. There are no characteristic disturbances of 
menstruation, although it is found in cystic degeneration of the 
ovary which is associated with chronic odphoritis that irregular bleed- 
ing and prolonged menstruation are frequently associated. 

Diagnosis. — The infection rarely confines itself to the ovary, so 
that the phenomena present are modified by the surrounding inflam- 
mation. The recognition, by bimanual palpation, of a tender body, 
somewhat enlarged, but retaining the shape of the ovary, confirms 
the diagnosis. The presence of adhesions or exudates will fix the 
organ in one position. It should not be forgotten, however, that 
pain in the inguinal region is not necessarily the result of ovarian 
disease, as not infrequently points of pain which can be covered by a 
silver dollar in this region are due to neurotic conditions rather than 
to actual ovarian disease. 

Treatment. — Rest in bed, abstemious diet, saline purgatives, and 
cold applications should be considered as the proper treatment in the 
acute conditions. Arterial tension may be reduced by administration 
of tincture of aconite in small, frequently repeated doses. Where it is 
evident that suppuration exists, it is better that immediate operation 
should be done and the infected organ removed. In chronic odphoritis 
with enlargement of the ovary and thickening of its tunica albuginea, . 
resection of a portion of the ovary will be attended with very great 
benefit. This brings about a more active metabolism, by which a 
portion of the inflammatory exudate is absorbed, and the ovary is 
better able subsequently to perform its functions. In peri-odphoritis 
it is quite a point that the ovary should be set free, the bands of 
adhesions fixing it broken up, and especially bands which are attached 
to the intestine; the perist^tic action of the latter drags and pulls 
upon the ovary, greatly increasing the nervous irritation. When 
the ovarian ligament is elongated and the ovary shows a disposition 
to drop into Douglas' pouch, it is. well to break through the thin part 
of the broad ligament between the Fallopian tube and round ligament 
and push the ovary through the opening, closing it by suture. This 
places the ovary upon the ligament between the tube and the round 
ligament and prevents further displacement. When the tube and 
the^ ovary are infected, the proper procedure is to remove them 
entirely. 

Parovarian Tumors. — This name is given to tumors or cysts 
which have their origin in the parovarium or organ of Rosenmiiller 
(Vol. I., Fig. 223, p. 828). This is a structure which is found in the 
broad ligament, and consists of eight or ten fine tubes running ver- 
ti.c^ly to the long axis of the ovary and entering, the para-odphoron 
or hilum. They are the remain of the Wolflfian body. Their ends, 
remote from the ovary, are joined by a horizontal tube which runs 
parallel with its long axis. 'This is called the duct of G&rtner. The 
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parovarian cysts develop out of the vertical tubes. These cysts are 
sometimes called simple broad-ligament cysts, and it is asserted by 
Doran that they develop in the broad ligament independent of the 
parovarium. These tumors are distinguished by the fact that the 
ovaiy is attached to the side of the cyst, the Fallopian tube stretched 
across its top, and if the tumor is large, the tube is elongated and the 
mesosalpinx thickened. As they develop in the broad ligament, the 
peritoneum is easily stripped off. The contents are clear, limpid, 
straw colored, with a specific gravity of about 1010, and the sac is 
generally unilocular. Bland-Sutton asserts that they form about 
10 per cent, of the tumors ordinarily diagnosed as ovarian cysts. 
These cysts when ruptured or punctured sometimes disappear and 
the sac becomes obliterated. 1 have seen such growths, however, 
which were tapped a number of times. When they attain to a 
considerable size, they spread out the broad ligament and the parietal 
peritoneum, and that covering the tumor may become adherent and 
so firmly united that the cyst can be enucleated without entering the 
peritoneal cavity. The fluid contamed within the tumor is not 
irritating, so that when it ruptures into the peritoneum there is 
a free discharge of urine for a few days, when the trouble subsides. 
As the cyst is loosely attached to the peritoneal covering, the growth 
may frequently be enucleated without the sacrifice of the ovary. 
Occasionally, there will be found papillary vegetations within such 
a cyst, but they do not modify its clinical history. 

Ovarian Cysts. — Ovarian tumors display a greater tendency to 
malignant degeneration than any growth of other organs, and it is 
difficult to determine in an individual case whether it is malignant 
or benign. They are divided into cystic and solid, the former, into 
the simple, proliferating, and dermoid; the latter, into the fibromata, 
sarcomata, carcinomata, and endotheliomata, and, according to size, 
into large and small cysts. They may arise in any part of the ovarian 
structure, as the cortical and medullary or parenchymatous portions 
of the ovary. They may attain to enormous size, becoming larger 
than any other growth of the body, and occasionally so large that the 
body seems but a taere appendage to the tumor. Maritan reported 
such a cyst which weighed 200 pounds, the woman prior to the opera- 
tion having weighed 290 pounds. Bullitt removed a tumor weighing 
245 pounds, and Spohn, of Texas, one of 328 pounds, and the patient 
recovered. The solid tumors are much less frequent than the cystic. 
The latter are irregular and spheric; the surface is a bluish-white or 
a glistening white color. Cysts are further divided into unilocular 
or single cysts and multilocular, where a number of smaller cysts 
exist. Careful examination of the former will show that not infre- 
quently smaller cysts are situated within the waUs. The contents 
of these cysts vary greatly. Indeed, the different cysts in the same 
tumor may show radically different contents. In the unilocular 
the contents are usually dear and limpid, and in the multilocular, 
thick, viscid, and glue-like. The small cysts are follicular cysts, 
vou v— 36 



562 SUBOERY OF THE FEMALE QENITO-URINART ORGANS. 

cysts of the corpus luteum, and tubo-ovarian cysts. The large are 
glandular proliferating, papillary proliferating, and dermoid. 

The dmjAe or follicular cysts are unilocular, dilated follicles, 
generally multiple and small. Fifteen or twenty of these may be 
found in one ovary. These may project in the wall or lie embedded 
in the stroma. They were formerly considered the source of larger 
ovarian cysts, but they rarely cause the ovary to attain a size greater 
than the fist. The contents are a clear, occasionally blood-stained 
fluid, with a specific gravity of 1005 to 1020. The cyst-wall is a 
thin-walled, transparent membrane, covered with columnar epithe- 
lium. These cysts are undoubtedly unruptured Graafian follicles. 
They rarely give rise to symptoms. 

Cysts of tile corpus luteum are unilocular cysts the size of a pigeon’s 
egg, occasionally as large as an apple. The cyst-wall is comparatively 
thick, Imed by a yellow, apparently folded membrane. This dis- 
tinguishes them from the follicular cysts. 

Tvbo-ovarian cysts are cysts which are made up of the tube and 
ovary. When the orifice of the tube becomes agglutinated to the 
surface of the ovary by previous inflammation, a cyst in the ovary 
may have its walls gradually thinned until it ruptures into the tube, 
and the sac subsequently is made up of the tube and ovary. They 
sometimes attain to the size of a man’s head. 

Glandular Proliferating Cysts . — The glandular cyst makes up the 
great majority of ovarian tumors, and may vary in size from an egg 
to that of the largest tumor, may fill the abdomen, and encroach 
upon tho thoracic viscera. The surface of the cyst is a pearly white; 
the thinner portions are purple, green, or black, according to their 
contents. T^ term proliferating is applied to those which are 
highly organized and abundantly supplied with blood-vessels. The 
term proligerous is applied to cysts t^t have the faculty of budding 
or generating new cysts from within the original wall. The tumor, as 
it increases in size, stretches out its attachment to the broad ligament, 
and when this becomes elongated, it is known as a pedicle. Some 
cysts are without a pedicle, and these ore most frequently of the 
intraligamentous variety, i. e., developing in the broad ligament. 
Tho tumor pedicle consisto of the ovarian ligament, which has become 
stretched and undergone hyperplasia, and the meso-k>varium or 
attachment to the broad ligament, and upon this the tube is generally 
situated to a slight degree. The tube in some cases may be very 
greatly elongated, and is generally removed with the tumor. The 
pedicle may vary in length from 4 cm. to 20 cm., and in breadth 
from 2 cm. to 12 cm., or it may be entirely absent. When the develop- 
ment of the ovary begins toward its hilum, it may spread out the 
broad ligament and thus form a subserous cyst. Such a tumor is 
firmly fixed in the pelvis, pushes the peritoneum off from the uterus, 
ahd invades the space between it and the bladder or rectum and not 
infrequently the uterus may be spread out upon its surface. These 
glandular tumors are divided into areolar, unilocular, and multQooular ' 
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cysts. An areolar cyst consists of a number of small cysts with 
thick, well-developed, and vascular stroma. A number of these 
cysts may rupture and form a considerable sized one, or the tumor 
may consist of a number of very small masses, none of which is larger 
than a plum. The unilocular cysts often attain to on enormous 
size, but close examination, of the wall indicates their previous division 
into numerous smaller cysts, so that it is quite probable that all the 
unilocular cysts have originated from the multilocular. Multilocular 
cysts contain a number of cysts which vary in size. As they increase 
in size, the pressure of their septa leads to their rupture, and fre- 
quently there will be found remnants of the wall between the different 
cysts. In the larger cysts the epithelium undergoes degenerative 
changes, disturbance of nutrition through thinning of the intervening 
walls, and the epithelium may entirely disappear from the wall of the 
larger cysts. Some of these may have papillary growths upon one 
side of the cyst, especially that side toward the hilum of the ovary. 
The contents of the cyst vary greatly in their color and consistency — 
in some almost colorless, straw colored, green, purple, or black, thin 
or thick, viscid or gelatinous. At times the contents of the cyst are 
so. thick and viscid that it has the consistency of jelly and has to be 
ladled out of the cavity. 

Papillary Proliferating Cysts . — These cysts may exist as a distinct 
form or be a complication of the glandular. In this particular form 
of cyst, its inner wall is studded with vegetations which arc a pro- 
liferation of the connective tissue. They may attain to considerable 
size or 1)6 very small, and the vegetations as they develop lead to the 
rupture of the sac and the escape of its contents into the peritoneal 
cavity. Where this takes place, the peritoneum becomes infected 
with the growths. The entire cavity, the parietal peritoneum and 
that of the intestines, may be studded with these masses. Not infre- 
quently they grow over the uterus. These tumors may sometimes 
attain to considerable size, but more frequently they rui)ture early. 
Following the rupture, the vegetations grow rapidly, covering over the 
structures, and they may then undergo calcareous change, forming 
chalk-like masses looking like ferns, are readily broken off, and do not 
bleed. After rupture has occurred and the implantation taken place 
upon the peritoneum, the abdomen may be greatly distended from 
ascites and a mass be found in one or other side of the uterus. This 
may be a very small mass or a considerable sized tumor, and usually 
is quite adherent. Sometimes, indeed, the inflammatory exudate is 
so extensive that the tumor becomes completely buried beneath it. 

Dermoid Tumors. — Dermoid growths of the ovary are usually of 
moderate size, rarely attaining a size greater than that of the hqad of 
a child, unless it is a mixed growth consisting of glandular and der- 
moid elements. In these growths the wall of the sac is usually quite 
thick. The tumor often contains various structures of the human 
body, such as teeth, hair, muscle, skin, sebaceous' glands, bone, and 
fatty material. In .the sac, mixed with the hair, are frequently found 
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large quantities of sebaceous material. This is acid in reaction and 
extremely irritating, so that its escape into the peritoneal cavity may 
be productive of severe peritonitis. It is well, for this reason, that 
these growths should be removed entire without puncture. The 
dermoid cyst may exist for a long period of time; it is found in young 
children and in women ninety years of age. ' Not infrequently the 
fatty material may be found to be in the form of balls. Sometimes 
the wall of these sacs will be filled with calcareous material. The 
pedicles may become twisted, and the tumor have lost its original 
relations, being nurtured through adhesions to the omentum or 
intestines. 

Solid growths of the ovary are much less frequent than those of 
the cystic variety. They consist of fibromyomata, sarcomata, and 
carcinomata. 

Ftbromyoma of the ovary is a tumor usually of moderate size, is 
quite firm and hard, and, from its weight, may become impacted in the 
pelvis and give rise to irritation of the rectum, and from the irritation 
of the peritoneum may not infrequently be the cause of severe ascites. 

Sarcoma of the ovary forms a tumor resembling the fibroid. It is 
smoother upon its surface, not so firm and dense, and may be either 
of the round or the spindle-cell variety. The latter form is more 
solid. The round-cell sarcoma forms a large, soft mass which develops 
rapidly. Not infrequently we may have the glandular proliferatng 
cyst and sarcoma mixed, the masses or nodules of sarcomatous 
disease being situated in the structure of the glandular cyst. 

Carcinoma of the ovary occurs more frequently than sarcoma. 
Investigation of ovarian cysts has shown that at least 20 per cent, of 
them are malignant. The cyst-wall becomes infiltrated, and the 
disease gradually extends to the surrounding structures. 

For the etiology and progress of ovarian growths see Vol. I., p. 828. 

Ovarian growths attain to considerable size without producing 
any symptoms whatever. If the tumor is freely movable after it 
attams a size sufficient to fill up the pelvis, it rises out of it and rests 
upon the brim of the pelvis. If the tumor, however, is adherent 
within the pelvis, as it increases in size it makes pressure upon the 
rectum and bladder, causing marked discomfort in both. As ovarian 
tumors increase in size they make pressure against the abdominal 
viscera, crowd up the intestines and stomach against the diaphragm, 
interfere with the heart’s action, decrease the capacity of the lungs, 
interfere with the circulation through the abdominal viscera, and 
produce marked disturbance of nutrition. The patient becomes 
emaciated, whQe the abdominal distention increases. The face 
loolm haggard, sallow, and drawn, presenting a condition known as 
fades ovariana. When the tumor attams to very large size, it may so 
interfere with the return circulation as to bring about dropsy of the 
lower extremities, and the patient presents an appearance as if the 
growth was completely sapping her vitdity. 

CompUcationB.— An ovarian cyst may be complicated by asdtes. 



SUROEBT OF THE OVARIES. 


565 


This may result, as we have already seen, from rupture of a papillary 
ovarian cyst and the infection of the peritoneum, producing a general 
peritonitis with serous effusion. It may be produced by necrotic 
changes in the growth, which becomes a foreign body and thus pro- 
duces a general peritonitis. Ascites is more likely to occur where 
the pedicle has undergone torsion, and especially when the entire 
tumor becomes necrotic. Another complication is diatmiion of the 
pelvis of the kidney. This is brought about by pressure upon the 
ureter. This interference with the passage of the urine to the bladder 
causes the kidney to become greatly distended, but is less frequent in 
cystic than in solid growths. Adhesion between the cyst and the 
surrounding structures is a rather frequent complication. This may 
take place in large ovarian cysts as the result of pressure, which causes 
the loss of vitality of the superficial epithelium. Injury to the surface 
of the cyst from bruises may cause a localized peritonitis and the 
formation of adhesions. The adhesions may occur between the 
intestines or omentum and the surface of the tumor, between the 
tumor and the abdominal parietes, or they may exist in the pelvis. 
Any condition which leads to infection results in the formation of 
adhesions. When a tumor is situated in the pelvis or abdomen, so 
that pressure is made upon a knuckle or coil of intestine, the changes 
thus induced may result in adhesions through which the infection 
enters the cyst and causes its rupture into the adherent coll of intes- 
tines. In this way portions of the contents of the cyst may escape into 
the intestine and the intestinal contents into the cyst, producing 
serious inflammatory changes. I have seen dermoid cysts thus 
opening into the intestines with a coil of hair projecting into the 
intestinal cavity. 

Torsion of (he Pedicle. — This is not of infrequent occurrence with 
a cyst of moderate size and a long pedicle. The changes of position 
of the patient may lead to rotation of the cyst and a partial rotation at 
once to obstruction of the venous or the arterial circulation. Thus blood 
is pumped into the growth which cannot get out and leads to serous 
effusion, even to rupture of blood-vessels, and to the- escape of blood 
into the tumor, and through its walls into the peritoneal cavity. 
When the torsion is more complete, gangrene sets in, the tumor 
becomes a necrotic body, and at once degenerates, and general peri- 
tonitis with extensive serous effusion ' results. Such a condition 
should be suspected whenever the growth which has existed for some 
length of time takes on rapid increase in size. The pulse is rapid, 
the patient experiences shortness of breath, she has difficulty in 
breathing in the recumbent position, looks anxious, and her condition 
is apparently critical. Inflammation and suppuration of the sac are 
complications which are much less frequently present than formerly, 
when it was customary to draw off the contents of such tumors by 
paracentesis. The employment of the trocar permitted the intro- 
duction of infection to the cyst, which would result in inflammation 
and not infrequently in suppuration. 
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InfUimmation and Suppuration.— An inflamed cyst the seat of 
inflammation and suppuration is extremely sensitive to pressure; 
the patient has a rapid pulse and a temperature elevated and markedly 
fluctuating. The patient may frequently have severe chills. When 
suppuration has occurred, the temperature varies considerably each 
day. The patient loses her appetite, becomes rapidly emaciated, has 
hectic flush of the cheeks, and presents all the symptoms of a very 
grave condition. 

Rupture of a Cystic Tumor . — Rupture of a cyst may occur as the 
result of injury, a fall, or of necrotic changes in the cyst-wall. It is 
indicated by more or less pain in the abdomen, by tenderness over the 
abdomen, and by change in the contour of the tumor. Instead of 
being prominent in the vertical direction, the tumor becomes flattened, 
spreads out from side to side, and the patient presents more the 
appearance of a woman with ascites. In a small or unilocular cyst 
the fluid is rapidly absorbed by the peritoneum, and the patient for 
a few days passes inordinate quantities of urine, when the tumor 
apparently disappears. This is particularly true in parovarian cysts, 
when the cysts may undergo a certain amount of inflammation which 
leads to their obliteration. When the fluid is irritating, thick, and 
viscid, it at once develops a localized peritonitis, lioth the parietal 
and visceral peritoneum becomes coated over with the thick, viscid 
material which cannot be scraped off. The abdomen is flattened 
and gives a sensation of fluctuation and resonance on percussion, with 
change of the position of the body, which would lead the investigator 
to suppose that he is dealing with ascites. 

Pregnancy . — The degeneration of the ovary or of both ovaries by 
the formation of cysts, unless it destroys the entire ovarian stroma, 
need not prevent the occurrence of conception. Indeed, pregnancy 
is not an unusual complication of ovarian cyst. The result of the 
pregnancy will depend somewhat upon the situation and size of the 
growth. In those cases in which the tumor is situated within the 
pelvis, filling it, and pushing the uterus upward, it may very greatly 
interfere with the nutrition of the pregnant uterus, thus endangering 
the offspring prior to its maturity, and endangering also the life of the 
patient. When the tumor is small and readily movable, it may be 
pushed out of the pelvis, allowing the uterus to drop into it, and 
thus prevent the return of the cyst to a position where it would be a 
cause of obstruction. In cases, however, in which the ovary is fixed 
in the pelvis, we have to consider other methods of procedure. A 
cyst fixed in the pelvis, which cannot be displaced, will necessarily 
prevent the delivery of the patient, even though the head of the child 
could be delivered after the reduction of the size of the cyst; its 
pressure would so devitalize the growth as to lead to serious conse- 
quences. In all such cases we have to consider the possibility of 
interference during the progress of the pregnancy. Experience 
teaches that, if necessary, abdominal section may be done during a 
pregnancy without interference with its progress, and will greatly 
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influence the comfort of the patient subsequently. The tumor at 
times may be so large that there is not sufiicient room for it and the 
enlarging uterus. Small growths situated in the abdomen and above 
the pelvis may be permitted to remain until the patient recovers from 
the full effects of the gestation. In those cases in which the tumor 
is situated in the pelvis the other alternative to operation for removal 
of the tumor would be to do a Cesarean section. 

IHagnom . — The ovarian cyst is recognized by bimanual palpa- 
tion. The mass fills up the abdomen, and we are able to determine 
its outline, that the contents are fluid by its fluctuation, that it is 
contained within a sac rather than free in the abdominal cavity by 
the general outline of the distention, the cervical diameter being the 
greatest in the cyst, the transverse diameter in the free fluid. In 
considering the diagnosis we have to determine, first, whether the 
distention is due to an abdominal tumor. In determining this the 
differential diagnosis must be made in ventral hernia, tympanites, 
fecal accumulation, distended bladder, ascites, and localized peritoneal 
effusion, all of which conditions give rise to distention of the abdomen 
simulating an abdominal tumor. 

Ventral hernia is a protrusion of the intestine or omentum through 
other than the natural ot>ening8 in the abdominal wall. It most 
frequently follows an abdominal incision where faulty methods have 
been employed in closing the wound. Such a distention produces a 
tumor which is resonant over its surface, and which, under systematic 
and careful manipulation, may be reduced in size or may even entirely 
disappear. When it has thus been pushed back into the abdomen, 
the opening through which it made its exit is readily recognizable. 
A tumor more nearly simulating the ovarian cyst will be found in 
cases in which there is a diastasis of the recti muscles, leaving the 
intestines to fall through, covered only by the skin and peritoneum. 
The intestinal coils can be recognized, and their vermicular motion 
seen through this thin covering. Percussion over the mass is every- 
where resonant. 

Tympanites is a distention of the intestine from gas, and is gener- 
ally not persistent. It is usually associated with some inflammatory 
condition within the abdomen. Percussion of such a distention 
affords everywhere a resonant sound, and this resonance does not 
change with the position of the patient. 

Fecal Accumvlation . — The accumulation of fecal matter within 
the large intestine may sometimes form a mass that resembles a tumor 
and may be mistaken for it. Careful examination, however, discloses 
that pressure upon such a mass will leave an indentation which remains. 
When the physician is at all in doubt, the administration of purga- 
tives, by clearing out the alimentary . canal, makes the diagnosis 
certain. 

Ditiended Bladder . — In low fevers it is not of unusual occurrence 
to find a tumor in the lower part of the abdomen which will be entirely 
dispelled by the introduction of a catheter. It is not of unusual 
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occurrence for a young resident physician, seeing such a case, to call 
the attention of his chief to a supposed ovarian cyst, as the tumor is 
in the median line, pushing up the intestines, so that resonance is 
situated around and above it, while dulness occurs over the tumor. 
The vaginal examination of such a patient discloses the bulging of the 
anterior wall of the vagina, and the catheter should be employed; 
when, if it is a distended bladder, it will at once be revealed. 

AscUes . — Ascites is not infrequently mistaken for an ovarian 
cyst. We have in ascites and ovarian cyst a common symptom, 
fluctuation. The fluctuation in ascites extends further back in the 
flank. In an ovarian cyst the projection of the vertebra: forward 
lifts the tumor out of the flank, so that fluctuation does not extend 
back. In percussion over such a projection in ascites it is found that 
the intestines, being lighter than the fluid in which they float, rise 
to the surface, causing an area of resonance over the tumor, while in 
fluid that is contained within a cyst the zone of resonance is on either 
side or above the tumor. In ascites this zone of resonance changes 
with the change of position of the patient, while in ovarian cyst the 
position of the patient makes no difference, the resonance and dulness 
remaining the same. 

Localized Peritoneal Effusion . — This is more difficult to determine 
from ovarian cyst. It is generally situated at one side of the abdo- 
men; it is irregular in its outline, and is associated with symptoms 
indicating a previous inflammatory condition of the pelvis. Its most 
frequent cause is a tuberculous peritonitis. In some cases it . is 
necessary to make an exploratory incision in order to arrive at an 
accurate diagnosis. 

Now, having satisfied ourselves by exclusion that the abdominal 
condition is an abdominal tumor, we are, secondly, to determine 
whether it is an ovarian growth. An ovarian growth differs in size 
according to the length of time it is in existence and the variety of 
cyst with which we are confronted. It may be confounded with 
pregnancy, with hydramnios, with extra-uterine pregnancy, uterine 
myomata, retroperitoneal tumors, and other abdominal collections. 

Pregnancy . — One would suppose that pregnancy would be unlikely 
to be mistaken for an ovarian cyst, and yet cases have been tapped 
with the supposition that an ovarian cyst existed, to find that the 
pregnant uterus had been the site of operation. In pregnancy the 
general appearance of the patient and the history of amenorrhea are 
of importance, although it occasionally occurs that menstruation 
continues regularly during the progress of the pregnancy; the physical 
examination will disclose that the tumor is situated within the uterus; 
that it is not pedunculated, and also we may feel uterine contractions, 
portions of the body of the fetus, and we may also be able to recognize 
fetal heart-sounds, sdl of which exclude an ovarian cyst. 

' Hydramnios . — ^The large and sudden accumulation of fluid within 
the amnio6c sac which is known as hydramnios is an occasional 
occurrence of pregnancy. The marked distention, the sense of 
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fluctuation, the thin wall through which the fluctuation is distinct, 
are all symptoms which lead to the supposition of an ovarian cyst. 
Vaginal examination, however, wfll disclose the cervix, more or less 
taken up by the accumulation. Sometimes, indeed, the cervix will 
be widely dilated. The patient, being in an upright position, pressure 
against the protruding membrane in the extenud os may afford the 
sensation of ballottement. 

Extra-iUerine Pregnancy. — In an advanced stage, where the fetus 
has. continued to live, this condition may readily be mistaken for an 
ovarian growth. The uterus will be found attached to the tumor, 
possibly in front of or beneath it. The sensation of fluctuation will 
be recognized, but careful palpation will also disclose portions of the 
fetus as resisting masses within the sac. 

Uterine Myomata , — As these gro\vth8 are generally firm and resist- 
ing, there would not seem to be any excuse for their being confounded 
with an ovarian cyst, but not infrequently it will be found that a 
myoma has become edematous from some interference with its 
nutrition. It becomes greatly increased in size, and presents a sense 
of fluctuation so distinct as to lead the investigator to believe that 
it is a cystic tumor. Bimanual palpation, however, in such a growth 
discloses its association with the uterus by a more or less well-defined 
pedicle, or in some cases the entire uterus may be taken up with the 
growth and its cervix form the pedicle. 

Retroperitoneal Tumors. — Retroperitoneal tumors may be situated 
in the pelvis or upon one side of the abdomen. Unless large, careful 
investigation will disclose the intestinal resonance over the surface 
of the tumor, but in many cases the diagnosis is determined only 
after the abdomen is opened. 

Other abdominal collections, such as physometra, hydrometra, 
and hematometra, are distentions of the uterus. In the first, the 
uterus is distended with air; in the second, with serous fluid, and in 
the third, with blood. Bimanual palpation in all these erases discloses 
that the uterus is a part of the tumor, and hence determines its 
character. 

The third subject for diagnosis is the relation of the tumor to the 
surrounding parts: thus, the tumor, more or. less fixed by adhesions, 
is situated within the abdominal cavity. These adhesions may exist 
between the tumor and the anterior parietes, or the pelvic structures, 
the omentum, or coils of intestine. The mobility of the tumor with 
each inspiration and expiration affords' some idea as to the presence 
of adhesions. The ability to push the tumor up from the pelvis into 
the abdominal cavity also affords the certainty that, if adhesions 
exist, they must be long and not a severe obstruction. Another 
condition to be recognized is torsion of the pedicle. This, as we have 
already seen, leads to rapid increase of the size of the tumor from 
obstruction of its venous, circulation and the failure to interfere with 
the more rigid vessels, the arteries. The tumor rapidly increases in 
size, or the twisting may be so marked as to interfere with the circula- 
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tion, causing the tumor to become a foreign body, and a peritonitis 
with serous effusion to follow. 

Variety of the Tumor. — As we have already seen, ovarian tumors 
are divided into glandular proliferating, papillary proliferating, and 
dermoid tumors, in addition to which is also the parovarian cyst. 
The largest tumors are the glandular proliferating. These are not 
infrequently multilocular. That there are a number of cysts can be 
determined by the short wave of fluctuation, the irregular and nodular 
feel of the growth, and its large size. Papillary proliferating growths 
are smaller in size, are likely to undergo early rupture, and to be 
complicated by ascites. The pelvic examination of such a patient 
will disclose more or less induration or infiltration on either side of 
the uterus, with an ascitic accumulation filling the abdominal cavity. 
The dermoid tumor is generally a small tumor; it is rounded, spheric 
in shape, has some elasticity, but no fluctuation. 

Treatment. — ^The former treatment of ovarian growths consisted 
in the frequently repeated evacuation of their contents. Even after 
the removal of the growth became popular it was felt that at least 
two or three tappings should be done preliminary to a radical opera- 
tion. Such procedures endanger the patient through the possibility 
of the escape of the viscid and irritating contents into the peritonei 
cavity. It is now recognized that the only justifiable treatment for 
such a tumor is its removal, which operation, from long usage, is 
known as ovariotomy. 

Ovariotomy. — This operation was first performed by Kphraim 
McDowell, a physician in the back woods of Kentucky. He did the 
operation nine times before he reported it, and his report slumbered 
for a long time before it had any influence upon the profession. The 
successful work of the Atlees, of Pennsylvania, Dunlap, of Ohio, and 
Kimball, of Massachusetts, in this country, and that of Clay, in 
England, led to the acceptance of ovariotomy as a justifiable proce- 
dure. With the advent of antiseptic measures and later aseptic 
treatment surgeons very soon forgot their fear of the peritoneum, 
and tumors which were formerly considered as not large enough to 
demand their removal are now subjected as a routine measure to 
ovariotomy. The indications for this operation may be considered 
as the recognition of the presence of an ovarian tumor, however 
large or small it may be. When we remember that 20 per cent, of 
ovarian cysts are malignant; when we are unable to determine in the 
early stage the presence of a papillary growth which may rupture and 
lead to' secondary implantation, the importance of the early radical 
removal of the growth must be appreciated. 

Contraitidieationa . — The only contraindications to the removal of 
an ovarian cyst is complication of the condition by the presence of 
some constitutional state, such as a serious heart lesion or an advanced 
pulmonaiT tuberculosis which would render the patient unlikely to 
recover, and would soon terminate her life even if the growth were 
removed. 
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PreparcUory Treatment . — In the performance of an operation so 
grave as ovariotomy must necessarily be in a patient who has a 
large ovarian cyst, it is desirable that she should be placed in the 
best possible condition for a favorable termination. It is important, 
then, that the alimentary canal should be cleared of all long-retained 
masses which would present opportunity for possible infection follow- 
ing the operation. Then, too, the thorough cleansing of the alimentary 
canal enables us to use it subsequently for drainage by repeated 
purging. The urine should be investigated, and, where deficient, 
excretion should be promoted by the administration of plenty of 
water. The patient should bo thoroughly bathed, thus improving 
elimination by the skin. It may be important, at times, to administer 
remedies to stimulate the circulation and in every way put the patient 
in as good condition as possible prior to subjecting her to the operation. 

Jnstrumenta . — The operator should be provided with a scalpel, 
two pairs of scissors, two pairs of tissue forceps, a dozen good-sized 
hemostats, a couple of pedicle clamps, ligature carrier, needle-holder, 
and needles. It was formerly the rule to also have an ovariotomy 
trocar. In operating in a private house this instrument may save 
the room from being soiled by the discharge of the contents of the 
cyst, but even then the procedure may be managed by making a 
puncture into the cyst, and the introduction of an ordinary glass 
nozzle with a rubber tube attacheil to carry the fluid into the recep- 
tacle or vessel. This will serve in the case of unilocular cysts. In 
the multilocular cyst the trocar is of but little value. 

Operation . — The operation consists in first making an incision, 
about three inches in length, in the median line, about midway 
between the symphysis and umbilicus. Through this incision the 
surface of the cyst is explored. The hand may be introduced through 
the opening, and the presence or absence of adhesions determined. 
Gauze is packed around the opening, while an assistant makes pressure 
upon either side of the abdomen, pushing the cyst forward and 
downward against the abdominal incision. In a unilocular or glandu- 
lar cyst a puncture is made through the center of the abdominal 
incision, and a pair of forceps applied on either side of the incision, 
by which it is drawn well out of the wound, where it is held by the 
pressure from the assistant. The contents are thus evacuated without 
entering and soiling the abdominal cavity. In a unilocular cyst the 
entire cyst may thus be readily drawn through the opening, its 
pedicle clamped, and the cyst removed. In a multilocular, one of 
the largest cysts is punctured and its contents evacuated. As the 
sac is emptied it is drawn out of the wound, and through this sac 
other cysts may be punctured and emptied until the tumor is sufli- 
ciently reduced in size to permit of its being drawn through the incision. 

In some of these cases the amount of tissue is so great as to require 
the extension of the incision upward and downward. As the tumor 
is withdrawn care is taken to prevent traction upon any adhesions 
which exist, and to insure their separation. The adhesions may be 
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Beparstcd, where recent, by simply sponging back the adherent 
structures while the tumor is drawn upon. Where the adhesions are 
firm and older, it may be necessaiy to separate them with the finger, 
tearing the intestines and omentum off from the surface of the tumor. 
When the adhesions are too rigid to permit of this, they may be 
separated with the scissors, exercising care to keep close to the uterine 
sac and injure it, rather than the adherent coils of intestine. Some- 
times the adhesion of the intestine is so close to the cyst that it is 
impossible to remove the latter without injuring the intestine. In 
these cases we may cut through the cyst-wall, leaving a portion of the 
cyst like a patch upon the intestine, and the intestinal coils are sepa- 
rated, leaving the adherent portions as small as possible. In sepa- 
rating adhesions, not infrequently it is found that the omentum 
adherent to the surface of the tumor has exceedingly large vessels, 
which it is important should be cut between clamps or ligatures before 
the tumor is withdrawn. As the tumor comes out upon the abdomen 
separated from all its adhesions, it hangs by a pedicle which we have 
already described. This pedicle can be clamped by means of a good- 
sized hemostat or a pedicle forceps. The tumor is cut away, the 
large vessels ligated, or the stump may be ligated en masse. The 
peritoneal cavity is darefully inspected, the surface in which adhesions 
have existed is investigated to see that undue hemorrhage does not 
take place, the cavity is sponged out, all bleeding vessels tied, gauze 
pads with which the intestines have been walled off are removed, the 
presence of all pads that have been used is determined by the count 
of the nurse and by careful investigation, to see that none is 
retained within, the abdominal cavity. After the pedicle is thus 
ligated, it is desirable that all raw surfaces should be covered with 
peritoneum to prevent unfortunate adhesions to the coils of intestine. 

The al>dommal cavity is thoroughly inspected, and the condition of 
the other ovary investigated. If this is not done, an ovarian cyst of 
considerable size will occasionally be overlooked, necessitating the 
subjection of the patient to a repetition of the operation. Where 
there has been an escape of fluid from a cyst into the abdominal cavity, 
it is well to irrigate with normal salt solution. This may wash out 
clots and portions of viscid material, and thus readily cleanse the 
• cavity. It is not necessary to sponge out all the saline fluid, as the 
retention of a portion of it renders the patient more comfortable 
during convalescence. The next step is to close the wound. This 
i prefer to do with chromic catgut and interrupted silkworm-gut, as 
follows: First, begin on the outside of the aponeurosis, on the right 
side of the upper angle of the wound, carry the needle through the 
aponeurosis, muscular structure and peritoneum, introducing the 
suture in the peritoneum alone upon the left side of the wound, and 
.therea^lpr taking up only the peritoneum with each contmuous suture, 
untfl"] Pk lower an^e of the wound has been reached, when the suture 
is biwliht out through the muscular structure and aponeurosis of 
the left side; this suture being drawn tightly, so as to dose the peri- 
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toneum, is for the present laid aside. The silkworm-gut sutures are 
then introduced, carrying them through the skin, superficial and deep 
fascia, and muscular structure, leaving the peritoneum the only tissue 
not included. After these have been inserted and their ends secured 
by hemostats, the original chromic catgut suture is taken up and 
continued back through the aponeurosis by successive turns until the 
upper angle of the wound is reached, where the two ends of the suture 
are tied. The silkworm-gut sutures are then tied, and the edges of the 
skin between each suture are united by interrupted fine chromic 
catgut sutures. The wound is washed with alcohol, dried, and a 
piece of sterile gauze placed around the sutures, the ends of which 
are left long. These sutures are laid upon the piece of gauze men- 
tioned, and are covered with other gauze pads. Finally, a piece of 
gauze and cotton pad are placed and secured by tapes attached at 
one end to the abdominal wall by a piece of adhesive plaster, and, 
over all, a T-bandage. 

Injury of the Bladder . — During this operation the bladder may be 
opened, as it is frequently adherent and lifted up by the ovarian cyst. 
When this occurs, it should be sutured at once, the sutures being 
introduced to, but not through, the vesical mucous membrane. A 
second row of sutures should be inserted to bring the tissues over this 
line, both sutures being of chromic catgut. 

Injury of the Intestine . — A knuckle of intestine may be tom in the 
effort to separate it from the cyst. The injured intestine should be 
at once closed with a suture. Sometimes the intestine will be so 
injured that it will be necessary to resect a portion of it, when an 
end-to-end anastomosis may be made by means of the Collins suture, 
and this supplemented by a peritoneal suture over it. 

In intraligamentary ovarian cysts the broad ligament is frequently 
spread out, and the pressure of the cyst causes the uterus to become 
very firmly adherent to it, and oftentimes spread out over it. In 
such a condition it will be necessary to remove the uterus as well as 
the cyst. It should not be forgotten that the ureter may be closely 
associated with the cyst, and be endangered in its enucleation. Fre- 
quently the ligation of the broad ligament on the opposite side of the 
uterus, cutting across the cervix, and enucleation of the cyst from 
below, will enable it to be pulled away from the ureter without its 
injury. 

Drainage . — Formerly it was the custom to drain the peritoneum 
whenever extensive adhesions existed or the abdominal cavity was 
soiled by the escape of the cyst contents, especially where they were 
thick and viscid or had undergone some marked change. In later 
years drainage has been much less frequently practised, it being a 
well-recognized fact that the peritoneal cavity is capable of taking 
care of a moderate amount of foreign material. Very rarely, indeed, 
a ^ass drainage-tube is inserted at the lower angle of the wound; 
this was almost a matter of routine with many men a few years since. 
In cases in which there has been extensive adhesions or there is 
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oosing, it is considered better practice to pack the cavity with iodo- 
form gauze. This serves a double purpose, controlling somewhat the 
tendency to bleed, promoting a more rapid closure of the cavity, and 
protecting the intestines from coming in contact with raw surfaces, 
which would necessarily lead to the formation of extensive adhesions 
and probably result in ileus. One end of this drain or packing is 
inserted through the opening mto the posterior fornix of the vagina, 
so that it permits the wound to be entirely closed and the packing 
to be removed through the vagina. 

After-treatment. — ^The after-treatment of operations for the re- 
moval of ovarian cysts necessarily depends upon the character of the 
operation. In ordinary cases nothing more is required than to place 
the patient in bed and permit her to roll from side to side as her 
comfort may dictate. Liquids should be denied the patient for a 
little time, until it is made sure that she will not be nauseated from 
the anesthetic. Where the patient is shocked and depressed, she 
should be surrounded by hot-water bottles or bags, and these isolated 
from contact with the body of the patient by an intervening blanket, 
and the bottles should be strong and be thoroughly closed, so that 
no possibility of bursting or leaking exists. The nurse from time to 
time should investigate to see that these are not displaced by the 
movements of the patient so that they come in contact with the skin. 
When the patient is much shocked or depressed, she may be given a 
hypodermoclysis of salt solution under each breast. Where she has 
lost much blood and the pulse is feeble, it is preferable to give an 
intravenous injection of normal salt solution, to which one dram of 
a 1: 1000 solution of adrenal chlorid has been added. Three or four 
ounces of salt solution may be injected into the bowel every three or 
four hours, thus maintaining the equilibrium of the blood-pressure. 
Not infrequently the anesthetic will be followed by nausea and 
vomiting. A good draught of warm water or bicarbonate of soda 
and warm water, or aromatic spirits of ammonia followed by hot 
water, will frequently neutralize the irritation and arrest the nausea. 
If it does not, the presence of material within the stomach makes the 
vomiting more easy, and helps to wash out the irritating material. 

This can sometimes best be accomplished by a Seidlitz powder, 
dissolving the bicarbonate of soda or the powder in blue paper in a 
half-glass of water, then dropping the tartaric add or powder in white 
paper dry upon this, and leUing the patient drink it down immedi- 
ately, and directing her to retain it as long as possible. The effer- 
vescence continues in the stomach, distends it, and a portion of the 
material passes through the pylorus. If she does vomit, it washes out 
the stomach and leaves her more comfortable subsequently. Where 
the patient has a certain amount of tympanites, with constant retching 
ajid vomiting of bitter, foul-smelling material, it usually indicates 
a begmn^ peritonitis, and the best thing is the introduction of the 
stomach-tube to wash out the stomach. If she still continues to vomit, 
the irrigation should be repeated and the patient placed under the 
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influence of moderate doses of morpbin hypodermically. Absolute 
rest of the stomach while nutrition is kept up by rectal enemas and 
hypodermoclysis will oftentimes carry patients through who would 
die were we to practise the old method of attempted purgation. 
Where tympanites occurs without much elevation of temperature 
and effects the lower intestinal tract, it is best relieved by enemas. 
Those most efficient for this purpose, as increasing the peristalsis, are 
tincture of asafetida, 2 ounces in 2 gallons of soapsuds, or powdered 
alum, 1 dram to 2 gallons of warm water. Where the first injection 
is retained, a second should be given in order to bring about the 
evacuation of the bowels. Where extensive adhesions have existed, 
it is well that purgation should begin early. Calomel, i grain every 
ten or fifteen minutes until one or two grains are given, which should 
be followed with a saline, e. g,, magnesium sulphate, 1 ounce, diluted 
sulphuric acid, 1 dram, syrup of ginger, 6 drams, cinnamon water, 
sufficient to make 4 ounces, of which a tablespoonful should be given 
every hour. 

When the patient’s convalescence is normal and unattended by 
disturbance of the alimentary tract, she may be given light food at 
the end of twenty-four hours, and at the end of forty-eight hours a 
fairly generous diet. She should be kept in the horizontal position 
for two weeks or longer if she has had disturbe<l convalescence or 
conditions which would render union incomplete. The sutures may 
be removed at the end of eight to ten days. The patient should first 
be propped up in bed and afterward lifted, out into a chair. When 
her convalescence has been complicated, or she has been very weak 
and debilitated, the getting up should be gradually instituted, as she 
may very readily have heart-clot, which would lead to a fatal result. 
Occasionally, wWre extensive adhesions have existed, a knuckle of 
intestine may become obstructed during convalescence, producing 
ileus. This will be indicated by prolonged and finally fecal vomiting. 
The latter occurrence is an indication for reopening^ of the wound in 
order to set the intestine free. Ordinarily the patient may be pei- 
mitted to sit up at the end of two weeks. If, for any reason, the union 
of the wound is likely to be feeble, the abdominal wall should be 
supported by adhesive straps. The after-effect of the operation on 
the patient will depend, of course, upon its character. ^ Where both 
ovaries have been removed, the menses cease and the violence of the 
inforced climacteric will depend somewhat upon the patient’s age. 
In some cases the symptoms are very riight. In others they may be 
very marked, producing neurotic changes that may require years 
before the patient fully recovers from their effects. 

ECTOPIC GESTATION. 

Ectopic gestation is a pregnancy in which the fecundated ovum 
develops outside of the uterine cavity. It is divided into tubal, 
ovarian, and abdominal pregnancy. Tubal pregnancy develops in 
some portion of the Fallopian tube; ovarian in the ovary, but is 
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extremely rare. Abdominal pregnancy is secondary to rupture or 
tubal abortion. It is a question whether the pavement endothelium 
of the peritoneum is ever capable of affording nutrition to the fecun- 
dated ovum, but, after it has once had a start in the tube and been 
discharged therefrom, the impetus received may enable it to become 
ingrafted upon the abdominal surface and derive its nutrition from 
it. Tubal pregnancy is most frequently found in the central portion 
of the tube; occasionally in the external end, when the tube, and not 
infrequently the ovary, forms part of the sac-wall and is known as 
a tubo-ovarian pregnancy. It is still more rare in the uterine end 
of the tube, when it is designated as an interstitial or cornual preg- 
nancy. It is now generally recognized that the union of the fecun- 
dated ovum and spermatozodn takes place either at the abdominal 
end of the tube or before the ovum has escaped from the Graafian 
follicle. The ovum thus fecundated is attracted to the tube by the 
wave-like motion of the cilia, causing a current of fluid down the tube, 
which draws the ovum into it. This is possibly accelerated by the 
fact that the end of the tube is connected with the ovary by a long 
fimbria which has a groove in its surface. This, however, would not 
account for the fact that normal pregnancy sometimes occurs in a 
patient who has lost the ovary on the one side and the tube upon the 
other, so that there must necessarily have been a transmigration of 
the ovum from the one side of the pelvis to the other in order to 
reach the uterine cavity. Any condition, then, which renders the 
course of the ovum into the uterus difficult or delays it increases the 
possibility of its being arrested and its development in the canal. 
Inflammatory changes in the Fallopian tube, which lead to a loss of 
the cilia of the epithelium, are generally accepted as one cause. Prob- 
ably extensive inflammation of the muscular structure of the tube, 
decreasing the peristaltic action, is a more effective one. Inflamma- 
tory changes in the tube may lead to narrowing of the canal, so that 
its caliber is not sufficient to ^mit the further progress of the enlarging 
ovum or the formation of infundibula by agglutination of the edges 
of the longitudinal folds. These infundibula are sometimes con- 
genital. Whatever the cause, the fecundated ovum covered with 
the ectodermal cells or trophoblasts becomes fixed in the tube. It is 
vnable to eat its way into the surface of the tube, as it does into the 
structure of the uterine mucous membrane, and consequently there 
is. an absence of decidua. As the ovum devdops the wall of the tube 
b^mes gradually thinned; its villi may penetrate the surface, making 
minute perforations upon the peritoneal surface, which may be the 
source of quite free and continuous bleeding. The caliber of the tube 
is insufficient to permit the ovum to develop to any marked degree, 
and it results consequently sooner or later in the rupture of the wall, 
{wrforation of the villi, or the escape of the ovum through the abdomi- 
pal or uterine ends (Fig. 184). The escape from the end of the tube 
is known as tubal abortion and occurs in those cases in which the 
ovum develops near the end of the tube. As the ovum increases in 
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size, it is pushed out and may be entirely or only partially separated 
from the tube. When it is entirely separated, it becomes a tubal 
abortion; when only partly, it may become surrounded by the ovary 
or the parietal peritoneum, and a sac thus become formed, which will 
permit the further development of the embryo. Rupture of the tube 
may occur at any time between the third and the twelfth week after 
conception. The rupture may be incomplete or complete, intraperi- 



Fig. 184. — Tdbat. Abortion. (Montgomery.) 


toncal or extraporitoneal. The incomplete rupture is a simple crack 
or break in the wall which is at once covered over by plastic exudation 
which glues up the opening. This may continue to develop until 
another rupture occura, and in this way the sac may attain to con- 
siderable size. Complete rupture is where the break in the wall of 
the tube is sufficient to permit the escape of its contents into the 
abdominal cavity (Fig. 1S5). The placenta may remain adherent^ 



Fio. 185. — ^Tubal Gestation. Rupture. (Montffomery.) 


and the sac-wall be formed by the parietes, the intestines, and the 
side of the uterus, and thus a new enveloping sac be found in which 
the fetus may reach full term. Intraperitoneal rupture is usually 
associate with more or less bleeding. The amount of this will 
depend, of courro, upon the size of the vessels that may have been 
injured. Thus, where the rupture takes plach over the attachment 
of the placenta, the hemorrhage may be very profuse. In those eases 
in which the vUli grow through the wall of the tube, forming minute 
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perforations, the hemorrhage may be continuous, and so severe as to 
cause the patient to be profoundly shocked. Extraperitoneal rupture 
is rupture through the portion uncovered by peritoneum. The 
contents escape into the broad ligament, which is spread out by the 
hemorrhage until the sac is so distended that the pressure antagonises 
that of the vessels, and the hemorrhage is then arrested; or the broad 
ligament may become so tense that it ruptures and causes what is 
known as a secondary rupture, in contrast to the original rupture of 
the tube, which is known as primary. A cornual or interstitial preg- 
nancy may rupture either externally, or the yterine end of the tube 
becomes distended, permitting the exit of the sac into the uterus, 
where it may continue to develop as a uterine pregnancy, or be thrown 
off as a uterine abortion. This fortunate termination, however, is 
exceedingly rare. The most frequent occurrence is its rupture into 
the peritoneal cavity, which . is one of the most grave accidents of 
ectopic gestation, in that the parts through which the rupture occurs 
are generally quite vascular, hemorrhage is very severe and rapid, 
and the termination is generally a fatal one. 

Symptoms. — Ectopic gestation in its inception differs very little 
from that of ordinary pregnancy. The woman has a cessation of 
menstruation, and' the or^nary symptoms indicating pregnancy. 
As the sac becomes further developed, however, it causes colicl^ 
pains and a sensation of more or less discomfort upon one side of the 
pelvis, an occurrence which should lead the physician to investigate 
his patient carefully to determine the possibility of an ectopic gesta- 
tion. This examination should be made with the greatest care, as 
a thin-walled sac may thus be ruptured, and has, to my knowledge, 
led to the death of the patient before the physician could get ready 
for the proper treatment. Where the gravity of these symptoms are 
not appreciate, the patient has a violent seizure — so violent in some 
cases that she may drop as if shot. She is faint, and recovers from 
one attack, to pass into another. The pulse is rapid, feeble, some- 
times absent at the wrist; the face is blanched, the lips are pale, and 
she is covered with a cold, ckmmy perspiration. In other words, 
she has all the symptoms of profound shock from internal hemor- 
rhage. Not every case manifests such marked symptoms. In some 
cases it may be a tearing, grinding, or cutting pain, associated with 
dizziness and faintness, with the feeling that she must lie down, and 
is followed by more or less tenderness in the abdomen. This condition 
some weeks later is associated with elevation of temperature, irregular 
course of the temperature, possibly chills, and indications of some 
septic process, in which the patient is likely to have a bloody dis- 
charge from the uterus. Casts, shreds, and clots are frequently 
found in the discharge. The patient thinks that she is undergoing 
nn abortion. In some eases the symptoms thus outlined are follow^ 
by increase in the sizd of the abdomen, an enlargement which g|oee 
on until the abdomen attains almost the size of an ordinary pr^poauoy. 
She may go into labor or have violent commotion in the abdoD^s^ 
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cavity, and, finally, cessation of such symptoms and the subsequent 
return of her menstruation, with, however, a more or less continually 
well-defined enlargement of the abdomen. This enlargement may 
be localized in one side or be situated in the median line. The enlarge- 
ment may continue for months or years. The fetal sac and its 
contents are walled off, and become incrusted with calcareous material, 
and form a tumor which the patient may carry for an indefinite period, 
or it may undergo infection from its proximity to the intestine; 
suppuration may result, which may open into the bladder, intestine, 
or through the abdominal parietes, through which large quantities 
of fetal bones are discharged, or the changes in the sac may produce 
a severe attack of peritonitis. 

Physical Signs. — The symptoms determined by physical examina- 
tion vary according to the stage of the pregnancy, and may be simply 
a small sac, which can be felt upon one side, in which pulsation is 
greatly increased, usually prior to its rupture; or the pelvis may be 
filled with a collection of walled-off material which may consist of 
blood, or have a developing fetal sac which is recognized as being 
outside the uterus, possibly implanted upon one side, and has a much 
thinner envelop than is to be found in an ordinary normal pregnancy. 

Diagnosis . — The diagnosis of ectopic gestation may be made — 
(1) ^Piior to rupture; (2) at the time of rupture; (3) after rupture; 
(4) 'during secondary development of the fetus; (6) after peritonitis; 
or (6) after suppuration has set in. Not many years ago the possi- 
bility of the diagnosis of ectopic gestation prior to rupture was con- 
sidered impossible, but the increased opportunities for study of this 
subject through repeated operative work have frequently led to its 
recognition at this period. If a woman who has been suffering from 
inflammation of the pelvis, who possibly has given birth to one child 
and been sterile for several years subsequently, and who passes over 
a period without the occurrence of menstruation, has the ordinary 
symptoms of pregnancy and develops more or less discomfort in one 
side of the pelvis, with, may be, simply a burning sensation, a feeling 
of colic or pressure which at times amounts to quite severe pain, the 
occurrence of such a condition should lead to a careful investigation, 
when it will be found that there is an enlargement of some portion of 
the tube. The tube is tender to pressure, the vessels in the broad 
ligament beneath it pulsate with increased forc« — ^with much greater 
force than those upon the opposite side. Such symptoms should 
lead to the recognition of an ectopic gestation. When the surgeon is 
still in doubt, he may confirm the suspicion by making an incision 
through the posterior fornix of the vagina, through which, with the 
finger, he will be enabled to outline the course of the tube and deter- 
mine the presence of any enlargement. 

At the Time of RujAure . — ^The presence of the symptoms mention^ 
and the history of the patient’s having had a severe cutting pain in 
the abdomen, or one of a tearing, agonizing character, with faintness, 
recurring fainting spells, or of a sudden sensation of weakness and 
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debility, a frequent feeble pulse, inability to rise or assume the erect 
position, and a bloody discharge from the uterus, should lead to the 
diagnosis of an ectopic gestation with rupture. If seen a few hours 
after this has occurred, there may be found dulness in the lower part 
of the abdomen, due to accumulation of blood in this region and the 
floating up of intestine. Palpation rarely enables the physician to 
determine the condition. A few days later, when the watery portions 
of the blood are absorbed, the clotted material which fills the. pelvis 
is walled off by plastic adhesions, and a well-defined tumor is recog- 
nized. It may occupy Douglas’ pouch, or be situated in one or the 
other broad ligament. Such a patient would have a subnormal 
temperature in the early stages, and, later, slight elevation. 

Secondarn development of the fetus would be productive of such 
symptoms as we have mentioned, and be followed by increasing size 
of the abdomen, with more or less discomfort from pressure, weight, and 
the presence of a mass which is situated either to one side or behind 
the uterus and in which the extremities and body of the fetus may be 
recognized and later the fetal heart-sounds heard. 

PeriioniHs may occur as a result of the rupture of an ectopic 
gestation; the escape of blood into the peritoneal cavity irritates the 
membrane and causes localized peritonitis in the effort of nature to 
wall off and exclude this blood accumulatimi. 

Suppuration may take place in the blood that has been walled off 
in the peritoneal cavity, resulting from infection through a knuckle 
of intestine in contact with it. It may occur many months after the 
death of the fetus in its sac and the subsequent discharge of pus and 
portions of the fetus, especially its bony portions, through a sinus into 
the viscera or through the abdominal w^l. 

Treatment. — Ectopic gestation should be considered as a highly 
dangerous condition, demanding prompt measures when it is recog- 
nized prior to rupture. Here an abdominal section should be imme- 
diately performed for the removal of the sac and its contents, this 
being less perilous to the patient than the continuation of the con- 
dition. Opinions differ as to the proper treatment of rupture. It is 
a well-recognized fact that many cases in which rupture of the sac has 
occurred will recover without operation. The profound shock and 
the weakening of the circulation therefrom favor the formation of a 
clot, which may plug the vessel and arrest the hemorrhage, so that a 
patient in whom death seems imminent may gradually rally and 
finally recover. This possibUity has led a number of men to advocate 
delay in these cases and operation after the patient has fully recovered 
from the shock. The only objection to this, however, is that it has 
been demonstrated that patients do die from the hemorrhage. There 
is no way of determining in the individual case that the hemorrh&ge, 
which possibly has been arrested by the enfeebled circulation, as 
'soon as the vascular tension is recovered, will not drive out the dot 
and the hemorrhage recur; so 1 believe it better, even though the 
patient may be profoundly shocked, to operate at once, employing 
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measures for restoring the circulation as the operation proceeds. 
Thus, such a patient should have a vein opened and an intravenous 
injection of sdt solution started with the opening of the abdominal 
cavity, or direct transfusion of blood may be done. The operator 
should not spend too much time in the toilet of the peritoneum. 
The tube should be ligated on its proximal side, and the sac be removed^ 
the mass or larger clots scooped out, the belly filled with salt solution, 
and the wound closed. 

AJter Rupture . — When the patient has recovered from the shock 
or shows indentions that the hemorrhage will not be severe, tlie 
urgency of the operation is no longer great. Even in these cases it 
is better to evacuate the collection of blood, simply for the reason 
that its absorption will require a considerable length of time. It is 
deposited in the lower part of the abdomen in contact with the 
intestines, or possibly infected tubes, and may be readily infected 
through the intestinid wall, so that a collection of blood, instead of 
becoming organized, the watery portion absorbed, and the clot 
gradually disintegrating and disappearing, becomes infected, and 
suppuration results. This may keep the patient an invalid for a 
long period. The fluid may preferably be evacuated (when very 
recent and there is still danger of hemorrhage) through an abdominal 
incision. The clot of blood is cleared out, the cavity irrigated with 
normal salt solution, the sac removed, and the wound closed. When 
considerable time has transpired between the hemorrhage and the 
date the patient comes under observation, nature has wailed off the 
blood collection, it is no longer free in the abdominal cavity, but is 
situated in the most dependent portion, and there separated from the 
general peritoneum. In such cases an incision through the posterior 
vaginal fornix will frequently enable the operator to evacuate the 
collection, and by keeping this open with a gauze drain, the patient 
may escape the necessity of a more serious operation. In cases, how- 
ever, in which the collection is very large, it will be found that not 
only is the blood in the posterior culdesac, but that it also fills up the 
vesico-uterine space, and is not readily evacuated through the pos- 
terior opening. For this reason it will be advisable, when there is 
reason to believe there is a large collection, to make an abdominal 
rather than a vaginal incision. 

During Secondary Growth of the Fetus . — When the fetus continues 
to grow after nfpture of the sac, it becomes a serious question as to 
how the case shall be managed. Shall we subject the patient to peril 
from the continuation of the pregnancy, in order to give the fetus a 
chance for its life? The fetus of an ectopic gestation is much more 
frequently the subject of defective development than when it is sit- 
uate within the uterine cavity. The possibility of deformity and the 
increased danger to the patient render it undesirable that she should 
be subjected to such increased peril for the slight possibility of the 
preservation of a well-devdoped child. If the fetus, however, has 
nearly reached the viable age, it may then be well to wait the brief 
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period necessary to give the child an opportunity to live. The danger 
from a living placenta must then be considered. The insertion of 
the placenta may be such as to involve coils of intestine or large vessels, 
making its removal attended with the most frightful hemorrhage. 
Where the placenta is situated in the sac, so as to permit the removal 
of both, that should be the operation of election, but, as has been 
mentioned, this not infrequently is found to be too serious a procedure. 
Where the situation of the placenta is such that it cannot be removed, 
the sac can be packed with gauze, united to the abdominal wound, 
and thus its treatment conducted extraperitoneally. Under the 
pressure of the gauze and the changed condition, the placenta may 
lose its vitality and gradually be destroyed. In other cases, as much 
of the sac as possible may be removed, what remains ligated near the 
placenta, the cord removed, and the abdominal wound closed. If the 
case terminates favorably, the placenta will be gradually absorbed 
and disappear. If changes take place in the placenta and sac, the 
material may then be evacuated through a vaginal incision. In 
peritonitis the indication is to make an incision over the affected 
structures, wall off the intestines and abdominal cavity by a thick 
layer of gauze, and, where conditions will permit, to remove the 
diseased structures, followed either by vaginal or abdominal drainage 
with gauze, closing the remainder of the wound. Such a patient 
may be placed in Fowler’s position, with the Murphy treatment of 
slow irrigation of the rectum. 

Operation After Death of tJie Fetus . — The removal of the fetus 
and the placenta some time after death has taken place is attended 
with much less danger for the reason that the latter, being no longer 
living, is more readily separated and without the fear of hemorrhage. 
The sac when it remains for a length of time may undergo calcareous 
alteration, become very greatly thickened, and its removal is often 
attended with great difficulty. A mummified fetus or one which has 
undergone maceration or fatty change may be removed. The sac 
when not readily removed may be attached to the abdominal wall 
and drained and its cavity thus finally obliterated. In suppuration 
of the sac and discharge of the bones of the fetus, the proper plan of 
procedure is to enlarge the opening and remove the collection of pus 
and the bony skeleton. When it is not readily accomplished, the 
opening should be maintained until its contents are completely evac- 
uated. * 

STERIUTY IN THE FEMALE. 

Sterility may be defined as inability on the part of the woman to 
conceive, or having conceived, to bring forth a living child. Sterility 
is said to be absolute when the woman is unable to conceive, relative 
when conception has occurred, and she has been unable to produce 
it alive. Absolute sterility may be either congenital or acquired: 
congenital, when due to a defective development which renders her 
unable to perform her functions; acquired, when it results from the 
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presence of some diseased condition. It is denominated as primary 
sterility when the patient has never been able to conceive, secondary 
when she has once conceived and is unable to repeat it. When a 
woman conceives but is unable to carry the pregnancy to fuU term 
It M known as comparative sterUity. A healthy woman living in 
wedlock through the greater part of her chUd-bearing period should 
‘ give birth to ten children. 

It b^mes a question as to when a woman should be denominated 
f sterde. The average time after marriage before the birth of the 
hrst child is about seventeen months, and but 25 per cent, of married 
women bear the first child after four years of marriage. When a 
woman is married for three years and has not become pregnant, she 
18 recogniz^ as sterile. In the study of this subject there are several 
factors which must be regarded as essential to conception. These 
are, first, the production of healthy spermatozoa; second, the produc- 
tion of healthy ova; third, the union of the spermatozoa with the 
ovum, thus stimulating segmentation; fourth, the implantation of 
the fertilized ovum in the uterine mucous membrane. 

The first of these conditions is dependent upon the healthy state 
of the male. The large number of cases in which, from the previous 
existence of gonorrhea or metastasis of mumps, or developmental 
conditions which render the male unable to furnish the fecundating 
material, make it important that the condition of the husband should 
be carefully investigated before the wife is condemned as sterile and 
subjected to any operative measure for its correction. Unfortunately, 
many of the cases of acquired absolute sterility of the wife are the 
result of previous attacks of gonorrhea in the husband. Every 
g}mecologist Of long experience has but to consult his record of patients 
to be impressed with the number of suffering women who date their 
ill health to marriage, having previously never known a sick day, 
and what a large proportion of these have been unfruitfull The 
swond essential factor, the production of healthy ova, is an impossi- 
bility where the ovaries are absent and in some cases of defective 
ovaries. N ot infrequently, the ovaries are the seat of chronic inflamma- 
tion, either from long-continued hyperemia or through infection, which 
remits in peri-oOphoritis, binding down and fixing the ovaries. The 
thickened tunic of the ovary does not give way before the developing 
Graafian follicle, and, as a consequence, the latter does not rupture, and 
conception is render^ impossible. Third, the production of healthy 
spermatozoa and healthy ova is ineffectual unless the two can be 
properly associated, as their favorable union is necessary for the 
production of the initial process, known as segmentation. Investiga- 
tions have disclosed that the cells of the human body are provided 
with a certain definite number of what are called chromosomes, and 
the ovuin and spermatozoon each contain one-half of this number. 
Their union consequently completes the cell and promotes its develop- 
ment and growth. But in order to permit of their union, properly 
fitted to mai n tai n their proper functions, it is important that the 
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structurea through which they paas should be m a healthy condition. 
An absent uterus or absent tubes, an obstructed vagina, or of any 
portion of the genital tract acquired through inflammatory changes, 
can prevent this union, and consequently prove a barrier to concep- 
tion. Both gonorrhea and puerperal sepsis lead to the destruction of 
the channels of communication, and consequently obstruct the 
process. It has been seen that a result of disordered conditions of 
the passageways leads to arrest of the fecundated ovum in its trans- 
mission to its proper resting place within the uterine cavity, and to a 
development en route which becomes extremely perilous to both 
producer and the product. It is a well-established fact that the 
spermatosodn makes its way through the female genital tract by its 
own propulsive power, and must have favorable conditions for this 
progress. It is true that it can pass through narrow channels which 
cannot be subsequently traversed by the fecundated ovum, though 
a normal condition of the secretions of the canal is probably as essential 
as a patulous canal. A plug of viscid mucus from cervical catarrh 
filling the external os may prove an invincible barrier to the most 
vigorous spermatozodn. These organisms thrive best and are most 
vigorous in an alkaline secretion, consequently an increase in the 
acidity of the vaginal secretion may inhibit fmdihor activity or render 
them so feeble as to make them ineffective factors for vigorous pro- 
duction. It is quite probable that this condition is an explanation 
for sterility in those addicted to high living and the use of alcohol. 

Finally, the ovum having become fecundated, must be implanted 
in the uterine mucous membrane. As it passes along the Fallopian 
tube it becomes roughened by the formation of ectodermal cells or 
trophoblasts, producing vegetations or villi which, when it reaches the 
uterus, enables it to sink or eat its way into the mucous membrane, 
and there become embedded. Any cWige in this membrane as a 
result of chronic inflammation renders it unfavorable for the successful 
implantation or for the subsequent proper nutrition of the developing 
ovum. It may become partially implanted, and, subsequently, as 
it enlarges, drag away from the surface, receiving so little nutrition as 
to be imperfectly developed, and is finally discharged as a foreign 
bofly. As a result of diseased conditions, degenerative processes 
take place in the enveloping membrane or in the placenta, and render 
it unable to afford a sufficient amount of nutrition for the full develop- 
ment of the fetus, so that in varying stages of its progress it loses its 
vitality, becomes separated, and is thrown off. 

Diagnosis. — ^The mere fact that a patient has failed to give birth 
to children is not of itself a sufficient indication that she cannot 
produce, as the possibility of sterility must be judged by the anxiety 
of the individual for offspring, and its existence may be artificial rather 
than absolute, as where means are employed for the prevention of 
'Conception. The cause of sterility in a woman desirous of having 
children must be determined by careful investigation. Physical 
examination will disclose the condition of the uterus, the pofsible 
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normal size of the ovaries, the presence of any inflammatory exudate, 
or conditions within the pelvis which would preclude the possibility 
of conception. The record of the patient will be of advantage, as 
the previous existence of inflammatory conditions, a history of 
protracted illness associated with profuse leukorrheal discharge which 
came on suddenly, attended with more or less burning of the external 
parts during urination, pain and tenderness in the pelvis, would all 
indicate the probability of an infectious process. As has been men- 
tioned, the male should be examined and the character of his secretions 
determined. Not infrequently spermatozoa active in an alkaline 
secretion have their activity inhibited by the very acid secretion of 
the vagina, which prevents their reaching the deeper structures in 
an active state. The position of the uterus, as in retroflexion or 
in acute anteflexion, will decrease the probability of conception. A 
very profuse discharge, especially a plug of mucus situated in the 
cervix, may be a greater hindrance than the anteflexion. A woman 
suffering from interstitial endometritis from which she has profuse 
bleeding lessens the probability- of pregnancy. Women who are 
very fleshy, who put on flesh rapidly, in whom menstruation is very 
slight or absent, arc less prone to conception. In such cases ovulation 
probably does not take place, the ovaries being inactive as a result 
of the fatty changes. 

Treatment. — The treatment of sterility will depend upon its cause. 
Absence of the ovaries, defective small tubes, rudimentary uteri are 
conditions which cannot bo overcome by any plan of treatment. 
Premature menopause or the accumulation of fat can sometimes be 
overcome by the employment of increased exercise and the adminis- 
tration of potassium iodid in combination with thyroid extract, in 
order to decrease the fat formation. In chronic inflammation of the 
ovary, where the ovum is unable to make its escape, the condition 
may sometimes be remedied by resection of a portion of the ovarian 
structure, which brings about a change in its tunic, in the absorption 
of inflammatory material, and permits conception to occur. A 
striking case comes to my mind of a patient whom I saw some yeaw 
ago in consultation, in which an ovary was removed for a tumor said 
to be a sarcoma by an excellent pathologist. A number of punctures 
were made in the remaining one, in a young woman who had been 
married some years without becoming pregnant. She had not only 
been sterile, but had not menstruated for several years. Soon after 
the operation she began to menstruate, and shortly after the admin- 
istration of th3rroid extract become pregnant, and has since had 
three children. Fixation of the tubes and ovaries by inflammatory 
exudate can sometimes be overcome either by abdominal or vaginal 
incision, through which adhesions are broken up, the ends of the 
tubes set free, and the channel of communication reopened. Diseased 
conditions of the uterus can frequently be overcome by curetting that 
organ, followed by local applications which decrease the inflammation, 
improve the condition of the mucous membrane, and render it more 
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fit to perform its functions. Occasionally a sea voyage or prolonged 
separation of the parties^ thus insuring sexual rest^ will prove effective. 
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CHAPTER LXXII. 


SURGICAL TECHNIC 

Bt John H. Gibbon, M. D., 

nULAOBLPIUA. 

ANTISEPSIS AND ASEPSIS. 

The wonderful progress of surgery during the past thirty years has 
only been possible through the practice of, first, an antiseptic, and, later, 
an aseptic technic. The introduction of the aseptic technic has been 
the greatest factor in producing the change which has taken place 
in surgery during this period. The growth and perfection of aseptic 
technic have been of gradual evolution, and is not yet complete. The 
present-day students of medicine can have no conception of what the 
practice of surgery was thirty years ago. In no similar period of time 
has so great a change been wrought in the principles and practice of our 
art. It is not only comparable to, but surpasses, the change which was 
brought about by the introduction of anesthetics. 

Antisepsis was first introduced, and its practical application 
described, by Lord Lister, then Mr. Lister, whose first contribution on 
the subject appeared in the London “Lancet” in 1867. It is true that 
others preceded Lister in the use of antiseptics and in’ the promulgation 
of the “germ theory” of wound infection, but the credit of setting the 
subject before the medical profession in a practical way belongs to 
Lister. Bassi, Semmelweiss, Jules Lamaire, and Bottini all antedated 
the Englishman in the use of carbolic acid and bichlorid of mercury, 
and deserve due credit for their contributions, but it was Lister who 
impressed the profession with the microbic origin of wound mfection 
and the method of successfully combating it. 

Certain of the ancients and many others throughout the history of 
surgeiy used antiseptics empirically, and for centuries certain drugs 
were held, to be great flesh-producers and wound-healers. There were, 
however, ^ways a few in every age who entertained the more rational 
view, which to-day is so prevalent, that incised and other clean wounds 
will heal of themselves in most instances, and that the application of 
chemicals only retards the healing. Among these were Bombast, 
sixteenth century, Franpois Aresus, 1574, Wiseman, 1692, and many 
others. Although they cud not understand the value of surgical deanU- 
ness, they may be classed as the aseptic surgeons of their time, in 
contradistinction to those who washed their wounds out with strong 
chemicals and applied healing salves and lotions. It is evidfflit then 
that much which underlies our present method of treating wounds is 
• fi87 
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not really new. It was the proof that suppuration of wounds was the 
result of microbio infection which made the great turning-point in the 
history of surgei^ (1880). At first it was supposed that these pus-pro- 
ducing micro-organisms made their entrance into the wound from the 
atmosphere, and Lister and others made the most elaborate apparatus 
for purifying the air about wounds during operations and dressings. 
Knowing that micro-organisms produced infection, it was natural that 
Lister should suppose that they existed in the atmosphere. Fig. 186, 
from Chejme’s “Antiseptic Surgery” (1882), shows not alone the use 
of the carbolic spray, but also gives us some idea, when compared with 



Fio. LSS. -Hepiumiontino the Qbnbbal ARRANaniiBNT OP SuiiOKON, Abbirtantb. Towblb, Sprat, 
Etc., in an OraBATiON Pbrpormbd with (Suppobbd) Complete Abeptzc (Antibbptic) Pbe- 
CAUTIONB (1882). (W. Watson Cheyne.) 

a modem operation, of the change which has taken place in our technic 
.during twenty-five years. 

The introduction of subcutaneous surgery in the early part of the 
nineteenth century was the result of this fear of contact with the atmos- 
phere, as was also the use of collodion and other dressings which were 
used at the same period for the purpose of excluding air. The objection 
to these dressings, which sealed the wound, was that there was no escape 
for the discharges, and, therefore, in 1866 Jules Gu5rin devdoped an 
appwatUB for pumping out the discharge, and with it the ah*. At 
various times bdore and after this period a number of surgeons practised 
tile introduction of other gases as a substitute for atmospheric air. 
Among those which were experimented with and used to some extent 
were oxygen, hydrogen, nitrogen, and carbonic acid gas. The use of 


ANTISEPSIS AND ASEPSIS. 


589 


oxygen in this way has been revived, and is now practised by some 
surgeons. Reference to its use is made later. While the French and 
English were working at the exclusion of air^ the Germans, Bartscher 
and Vezin,* were employmg the open treatment of wounds with better 
success, and in the treatment of large granulating areas, such as result 
from bums, exposure to the air is a well-recognized treatment at the 
pi^nt time. 

Koch, early in the eighties showed very conclusively that pyogenic 
organisms seldom found their entrance into a wound from the atmos- 
pheric air, and that, on the contrary, the oxygen of the air was especially 
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detrimental to the anaerobic organisms. He also pointed out that 
sunlight had a retarding effect on the propagation of germs. It is due 
then largely to this work that surgeons gave up the idea that their 
wound infections came from contact with the atmosphere. 

The intelligent use of antiseptics based on the germ theory^ was 
first practised and described by Jules Lemaire, who in 1^ published 
a paper on “Coal-tar Saponin.” This preparation contained saponin, 
alcohol, carbolic acid, benzin, and naphtalin. It was used extensively 
in the treatment of wounds, with excdlent results. Cheyne says of 
Lemaire that he was- “undoubtedly the first who, reco^izing that 
theory (germ theory of putrefaction), applied it to practice.” He is 
careful, howevw, to state, and does so most expliciily, that lemaire’s 
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work in no way should detract from the credit which is due to Lister, 
as the former had no s}rstem about his use of antiseptics, although he 
did believe stron^y in the germ theory. Lister's work was carried 
on entirely independently of any knowl^ge of Lemaire’s experiments. 
Lister,* in a letter to the “Lancet, ’’ states that he never made any claim 
to the original use of carbolic acid, but that the “ methods of its employ- 
ment with the view of pretecting the reparatory processes from dis- 
turbance by external agency” was original. To him is due the credit 
not only of formulating a method of using antiseptics in wounds, but 
also of showing the great necessity for sterilizing ligatures and instru- 
ments. What he had done is readily shown by the following statement 
by Cheyne: 

“The development of his system in his own hands has already been 
traced. Mr. Lister’s writings have stimulated surgeons to the study of 
the whole subject, and have led to the introduction of improvements in 
every detail of wound treatment. These improvements, acting on 
better principles, have brought even the older methods to a high state 
of perfection, and numerous researches have since been made which 
have enabled us to reduce to order and show the true principles under- 
Ijring the various attempts at wound treatment which had been pre- 
viously carried out.” • 

Cleanliness alone and the use of antiseptics in the wounds alone were 
tried before, and have been tried since the introduction of the Listcrian 
method, but they have alwa}r3 failed, as we at the present time can 
readily understand. The whole history of this interesting subject is 
told in Mr. Gheyne’s book, which the reader will find most entertaining. 

A. G. Gerster* published one of the first comprehensive volumes in 
this country dealing with the antiseptic treatment of wounds, and it 
was a potent factor in popularizing the method. 

AsepHa, as it is at present understood and practiced, mdicates a con- 
dition of absolute sterility the result of the use of mechanical cleansing, 
antiseptics, or heat, or all three. An aseptic operation, therefore, 
means one in which all the instruments, sutures, ligatures, dressings, 
the field of operation, the surgeon’s hands, and everything, in fact, 
coming in direct or indirect contact with the woimd, have been thoroughly 
sterilized, and in which no antiseptic solutions are used during the 
progress of the operation. Aseptic surgery is the natural outcome of 
Lister’s work, and has grown and is stiU growing in perfection and 
in the extent of its practice. The ideal operation to-day is an asqptic 
and not an antiseptic one. American surgQpns have done as much as 
those of any other country, if not even more, to pmrfect aseptic technic, 
imd this technic is practis^ more extensively to-day in America than 
in any other country. 

The great advantage of aseptic over antiseptic surgery is toKlay 
questioned by practically no man doing active surgical work. A smalt 
Volume published by Hunter Robb* in 1894, and another by Carl Beck* 
in 1895, dealing with aseptic surgical technic, put this subject in a 
TOinprehensive light b^ore the American profession, and it has grown 
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rapidly in popularity and practice ever since. It is extremely doubtful 
whether even in infected wounds strong antiseptic solutions exercise 
the retarding effect on the infection that was once supposed. Aside 
from the very detrimential effect which they have upon the tissue-cells, 
it is a question whether th^ really reach the source of the infection, 
which is often most active at a deeper plane than the solution can 
possibly reach; for instance, where there is an extensive slough, the 
antiseptic solution can certamly do nothmg but destroy those organisms 
which may be on the surface. The irritation resultmg from the strong 
antiseptic solutions probably are more harmful than helpful in many 
of these cases. incision and thorough drainage, which allow the 
access of the oxygen-containing atmosphere, are probably more impor- 
tant than irrigation with an antiseptic solution. A small openmg in 
infected wounds, and the injection of antiseptic solutions, is not to be 
compared to free incision, good drainage, and the application of an 
aseptic dressing. Cleanliness and the aseptic habit in operating upon 
even the most septic cases should be conscientiously adhered to. 

It is to be regretted that oiu* science has not yet reached the point 
where pyogenic infections may be surely and successfully combated by 
the internal or hypodermatic administration of some antiseptic agent. 
Certain specific serums are now being employed with success in the 
treatment of infections, such as diphtheria, but this work is yet in its 
infancy. The question of serum therapy in the treatment of surgical 
infections is elsewhere dealt with, and a simple reference to it at this 
point is all that is pertinent. The valuable work of Wright and others, 
based on the opsonic index of the blood, is a pretty clear indication of 
the direction from which new light can be expected. 

Sources of Wound Infection.— By far the most common source 
of wound infection is the hands of the surgeon and his assistants. The 
patient’s skin also may be the source of the infection. The Staphylo- 
coccus epidermidis albus (Welch) is the organism which is most often 
responsible for the infection. I^ected sutures, ligatures, instruments, 
and dressings are frequent sources of infection, but we should not fall 
into the habit of attributing our infections to these until we have 
absolutely ruled out the possibility of the infection having arisen from 
our own hands or those of our assistants or nurses. The perspiration 
from the surgeon’s face or hands occasionally produces infection, also 
the saliva which escapes from the mouth during ttdking. Atmospheric 
infection of wounds during the course of an operation is of doubtful 
occurrence. Infection during .subsequent dressings is. not so apt to 
take place as at the time of operation, but it may occur unless the 
strictnt aseptic precautions are exercised. Certain predisposition 
on the part of the patient renders him more liable to infection; this 
particularly applies to such constitutional conditions as^ syphilis, 
alcoholism, Bright's disease, and diabetes. In fact, an3d;hing which 
lowers the resistance of the tissues by diminishing the bimtericidal 
quality of - the blood increases the risks of infection. Certmn infeetioiis 
are r^deted more Ukely through an hereditary predisposition; this is 
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well illustrated in tuberculosis. The occupation of the patient may 
render him more liable to infection — ^for instance, the. risk a morocco 
worker runs of developing anthrax. It has been suggested that certain 
races are more predisposed to infection than are others. This, however, 
* is open to some question, as it is probable that the predisposition can 
be accounted for by other circumstances, such as the patient’s sur- 
roundings and habits of life. Gimate undoubtedly influences infection. 
In a dry climate, especially at a high altitude, infection is not so frequent 
as it is in damp atmospheres and in the unhealthy, squalid quarters of 
a crowded city. 

Methods of Preventing and Overcoming Infection.— In the 

modem aseptic operating room germicides and antiseptics do not play 
so important a part as they formerly did. This is laigely due to the 
fact that heat is used wherever possible in the preparation of sutures, 
ligatures, dressings, instruments, etc., and the fact that in uninfectecl 
tissues no antiseptic solutions are employed. It must also be remem- 
bered that the germicidal agents possess the disadvantage of exercising 
a more or less destructive action on the body-cells, and consequently 
their use is not warranted in clean wounds. We still, however, meet 
with infected wounds sufficiently often to render the use of these agents 
necessary. 

Heat is the most valuable of all sterilizing agents, its only draw- 
back being that it is not universally applicable. Wherever possible, 
it should' be employed in preference to chemical . agents. It can 
be employed either as moist or as dry heat. Moist heat is a much 
more efficacious germicide than dry heat, destroying the organisms 
at a much lower temperature. Boiling water at a temperatiure of 
212” F. will destroy nearly instantaneously all pus-producing organisms. 
Spores, however, require a moist heat of 284“ F., kept up for at least 
half an hour. A diy heat of 212“ F. will not destroy pus-producing 
organisms under an hour and a half, and spores will live for three hours 
at a dry temperature of 284“ F. Although moist heat is very much 
quicker and more satisfactory in its action, yet it is often inconvenient 
to employ it in the sterilization of gowns, towels, operating suits, etc. 
Sterilization by heat has been greatly -facilitated by the introduction 
of the autoclave, by means of which a very high temperatuto under 
pressure can be obtained. This is the most satisfactory method of 
sterilizing dressings, towels, sheets, operating suits, and aprons. A 
similar and lees expensive method of sterilizing these articles is by the use 
of -one of the simple steam sterilizers which are sold by all dealers. In an; 
emergency an ordinary bake-oven can be employed as a sterilizer. It is. 
best, however, where the temperature cannot Iw estimated, to. bofl the 
articles and dry them between sheets moistened with bichlorid solutiom. 

Blchlorid of Mercury. — Among the chemical germicides there is 
none more universally employed than the bichlorid of mercury. It is 
actively germicidal in strengths of from 1 : 1000 to 1 : 10,000; stronger 
solutions are rarely called for in the treatment of wounds, but may .be 
employed for the sterilixation of glassware, trays, basins, etc. & a 
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. lotion and for the sterilization of the skin, a strength of 1 : 2000 is suffi- 
cient. As a douche, the bichlorid may be employed in a 1: 2000 to 
1 : 6000 solution, imd solutions of from 1 : 6000 to 1 : 10,000 may be 
employed in the bladder or on the conjunctiva. There is no excuse for 
using bichlorid •solution in the abdomen; its irritating and poisonous 
qualities outweigh any supposed good it may do. When used on 
subcutaneous tissues, an albuminate of mercury is formed; however, 
can. be prevented to some extent by combining tartaric acid with the 
bichlorid. Ghlorid of ammonium or tartaric acid is also combined with 
the bichlorid of mercury to render it more soluble. All antiseptic 
solutions, especially for use in wounds, should be fresh and warm. 
This has been rendered easy by the use of the tablets sold by all drug- 
gists. The bichlorid tablet in must common use contains 7^ grains, 
which, added to a pint of water, makes a solution of 1 : 1000. Bichlorid 
solution of this strength will destroy all pus-producing organisms. 
Anthrax spores, however, are very resistant. Among the objections 
to the use of this agent is its irritant action on healthy cells. When 
applied in too strong a solution on a delicate skin, or even when a weak 
solution is covered by some impermeable material, like oiled silk or 
waxed paper, a marked dermatitis is apt to develop. Particular care 
should be exercised to avoid this during the preparation of a patient for 
an operation; we have seen a child come to the operating room with 
so marked a dermatitis that operation had to be postponed. It is also 
a deadly poison, and is rapidly absorbed by mucous and serous mem- 
branes; because of this fact it is rarely used in serous lined cavities, and 
only in the weaker solutions in mucous lined cavities, such as the 
vagina. Fatal mistakes have been made from injecting into the 
rectum a solution intended as a douche. When used in a wound, it 
always excites an excessive amount of secretion. This agent does not 
disinfect feces because of the presence of hydrogen sulphid. Most of 
. the tablets put up by the manufacturing chemists have some anilin 
dye in them, so as to color the solution and thus render its being mistaken 
for plain water unlikely. The greatest care should be zeroised in the 
use of these tablets in solutions to prevent mistakes. The fatal mistake 
has often been made of supposing them to be lithia tablets or tablets 
for making a nasal douche or mouth-wash. As the bichlorid tarnishes 
all metal instruments, it cannot be emplojred for their sterilization. 
The symptoms of bichlorid poisoning are salivation, painM and tender 
gums, cramps in the abdomen, and diarrhea. Should these symptoms 
develop, the source of the poisoning should be sought, and any remaining 
solution evMuated — ^if in the rectum, by enema, or if in t^ stomach, 
by the stomach-tube. In an acute poisoning from bichlorid solution 
in the stomach or rectum the whites of a number of eggs should be 
promptly swallowed or injected. 

Biniodldof mercuiy is extensively employed in Great Britain, and 
may be used m the same stiengths as tte bichlorid. *‘It is a more 
powerful germicide, while it is less irritative, and it neither forms a 
mercuric albuminate nior tarnishes metal instraments.”’ 
roL v—^ • 
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Carbolic Acid. — Carbolic acid, a coal-tar derivative, although known 
as early as 1834, was not used as an antiseptic until about the beginning 
of the antiseptic era, but soon became the mainstay of this method 
of wound treatment. It is germicidal in solutions of from 1 : 20 to 1 ; 40. 
The weaker solutions are not germicidal, and even those of the strengths 
given do not destroy spores promptly. Pure carbolic acid is destructive 
to all bacteria, and is also equally destructive to the tissue; its action on 
the tissue can l>e limited, however, by following its application promptly 
with pure alcohol. In this way it has been employed for the destruction 
of lining membrane of old abscess cavities. It is extensively used in 
the sterilization of rubber mstruments and those with wooden handles. 
The great objection to carbolic acid is its local irritant effect on the 
tissues. Even a weak solution, if covered with some impermeable 
material like oiled silk or wax paper, may produce gangrene; scores of 
cases of gangrene from the indiscriminate use of carbolic acid in the 
hands of the laity have been reported, and we have seen the loss of 
several fingers where it has been improperly used. The preparation known 
as phenol sodique is extensively used by the laity, and we have seen 
serious dermatitis and gangrene caused by the indiscriminate use of too 
strong solutions of this agent. Carbolic acid also produces a systemic 
poisoning through absorption. One of the first symptoms noticed 
from such absorption is irritation of the urinary tract and carboluria. 
This poisoning is more apt to take place when the weaker solutions are 
used than where the pure acid is used, as the destruction produced by 
the pure acid prevents its absorption. The effect of carbolic acid 
upon the urine is to cause it to become smoky a short time after it is 
voided. The urine shows a complete absence or diminution of the 
sulphates, and albumin is generally present. When these symptoms 
present themselves, the use of carbolic acid should be at once stopped, 
and the administration of sulphate of soda and atropin begun. If the 
condition has lasted for any length of time and the patient is weak and 
exhausted, stimulants are indicated. 

Lysol is a saponified phenol, and possesses some germicidal power; 
it is used in solutions of from 1 to 3 per cent. 

Creolin is mildly germicidal, and is extensively used as a vaginal 
disinfectant in from 2 to 4 per cent, solutions. Both of these agents 
(lysol and creolin) act very much as carbolic acid, but neither possesses 
the former’s, irritating qualities. 

Formaldebyd gas is an active germicide, and very valuable as a 
disinfectant. It is used in the shape oi formalin, which is a 40 per cent, 
solution of the gas in water. This agent is veiy irritating to the normal 
tissues in the stronger solutions, but a 2 per cent, solution of formalin 
may be used for the sterilization of the hands, instruments, etc. The 
formaldehyd fumes are employed for the disinfection of clothing, rooms, 
bedding, etc., and also for the sterilization of catheters. The fumes of the 
'gas are very irritating to the mucous membrane, and when this agent js 
used for the disinfection of rooms, every crevice and crack must be 
tightly sealed to prevent the escape of the gas. 



AXnSEPSIS AND ASEPSIS. 


68C^ 

Glutol is a formalin gelatin which has been extensively used in 
the treatment of granulating wounds. 

Boric acid is a mild antiseptic, but is not actively germicidal. A 
solution of boric acid, 10 grains to the ounce, is most useful in inflamma- 
tions of the mucous membranes, such as the conjunctiva and bladder. 
In the form of an ointment it is also quite extensively employed. 

Salicylic acid is an antiseptic of value. It is used generally in 
the form of a 10 per cent, ointment. It is but slightly soluble in water. 
In the form of a soap, in combination with sulphur or alone, it is used 
in inflammatory affections of the skin. 

Thiersch’s solution is a combination of boric and salicylic acids 
(boric acid, 1 grain; salicylic acid, 6 grains, to one ounce of water), and 
is more actively germicidal than either the boric or salicylic solutions 
alone. It is non-toxic and non-irritant. 

Chlorid of zinc in 10 per cent, solution is occasionally used in very 
dirty and sloughing woun^, such as result from cancerous ulceration. 
Care should be taken to remove the excess of the solution, as it is very 
irritating. 

lodin possesses more germicidal property than was at one time 
supposed. Senn^ states that it is probably the most powerful anti- 
pyogenic known. He uses a solution of ^ of 1 per cent, for irrigation, 
and i of 1 per cent, for dressing. lodin is being extensively used at 
present for the sterilization and hardening of catgut. In tuberculous 
lesions the iodin solutions are particularly advantageous. 

Iodoform is an agent which hinders, but does not arrest, the growth 
of bacteria. It stimulates granulation, relieves pain, and prevents 
decomposition. It is usually employed in a 10 per cent, emulsion, as 
it is insoluble in water. Iodoform gauze is used extensively in 
tuberculous affections. The agent in these cases seems to exercise 
nearly a specific action. Iodoform powder is rapidly absorbed by 
the skin, and fatal cases of iodoform poisoning have occurred from 
treating burns with it. Iodoform is used also in ointment form and 
in suppositories. The symptoms of iodoform poisoning are delirium, 
the odor of iodoform on the breath, the presence of iodoform in 
the urine, an eruption over the skin, and, finally, coma. The a^nt 
is also capable of producing a localized dermatitis, with great irritation, 
and must, therefore, be used with care on all delicate skins. Numerous 
substitute for iodoform have been brought forth at different times 
and by different manufacturing chemists. Aristol was one of the first, 
while nosophen, aird, and iodd are among the more recent substitutes. 
The great advantage claimed for all these is that they do not possess 
the unpleasant odor which is so characteristic of iodoform. 

Potassium permanganate is not only an antiseptic, but a very 
excellent deodorizer. A 6 per cent, solution is used for sterilizing the 
hands, the stain being removed later by the use of a saturated solution 
of oxalic acid. This method of sterilizing the hands has been very 
extensively employed. 

Alcohol possesses marked antiseptic qualities, and is one of the 
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best agents for the sterilization of the hands of the surgeon and skin of 
the patient. A 60 per cent, or 75 per cent, dilution of alcohol is more 
efficacious as a skin disinfectant than the 95 per cent, alcohol. This 
is because the purer alcohol is much less penetrating than the dilute. 
It is also used when diluted with water, one part to four, m a dressing 
for granulating wounds. It is employed to limit the action of carbolic 
acid when this agent has been applied in full strength. It is a useful 
agent in which to store certain material, such as ligatures, sutures, etc. 

Silver possesses undoubted antiseptic properties, as has been 
shown by Halsted and others. Halsted covers his wounds with a silver- 
foil, and states that silver sutures do not produce infection because of 
their antiseptic power. Silver solutions of varying strengths are 
decidedly antiseptic. Solutions of nitrate of silver are used in strengths 
varying from 5 grains to 60 grains to the ounce. The solid nitrate of 
silver stick is used for destrojdng exuberant granulations. Innumer- 
able silver preparations have been put upon the market as bemg superior 
to the ordmary nitrate of silver, which is generally used. The most 
extensively employed preparations are those known as protargol and 
argjjrol, both of which have gained a reputation in the treatment of 
indammations of the mucous membranes, especially those of gonococcal 
origin. The unguentum Credi is an oinWent of silver which is used 
in cases of septic infection, and also m localized inflammations. From 
15 to 45 grains of silver can in this way be rubbed into the skin. It 
is absorbed, and undoubtedly exercises an antiseptic influence on the 
infecting micro-organisins. 

Saline Solution. — Sidine solution, or normal or isotonic salt solution, 
as it is called, because of its close approximation to the blood-serum, con- 
sists of a solution of 0.7 per cent, of sodium chlorid in plain sterile water. 
Roughly speaking, and for ordinary purposes, this solution can be made 
by adding an even teaspoonful of ordmary table salt to one pint of 
boiled water, and then reboiling. It can be stored for a limit^ time 
in sterile glass jars, which are sealed with sterile cotton. The jars can 
be heated to whatever temperature is required for use. This solution 
is the one which is generally used for irrigating wounds and cavities; 
it is non-irritating, and possesses no antiseptic quality. It is also 
injected into the rectum, subcutaneously, and into a vein in cases of 
.hemorrhage and shock. When a moist dressing is desired, there is no 
solution comparable to this, largely because of its non-irritating quality. 
|t makes an excellent dressing for a bum. It has a slightly irritating 
^ect on the kidneys, and when large quantities of it are used, it is 
better to dilute it. 

The action of pore oxygen on wounds and infections has been care- 
fully studied by Burkhardt.* Both pure oxygen and ozone have bem 
used: apparently ozone is the more cilectual. It is found that oxygen 
but slightiy retards the growth of bacteria, but both os^gen and ozone 
poduoe.ftii]rperemia and retard especially the growth of afirobic oigan- 
isn^ Pure oxygen in the abdominal cavity produces a marked Iqrpe^ 
emia and a leukocytosis. Ozone has had some practical use in: this 
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coimtry, but the results have not been sufliciently studied to warrant 
US in recommending it. 

Sunlight has a marked retarding effect on some bacteria, 
actually destroys others. The anthrax spore is said to be killed very 
promptly by exposure to strong sunlight, and the tubercle bacillus to 
be slowly destroyed by it. Considered from a clinical point of view, 
there is no doubt that sunlight is of great help in the treatment of 
tuberculous lesions. Ekdricity and the arrays also produce a marked 
retarding effect on the propagation of certain micro-organisms. 

Peroxid of hydrogen is an agent of great value in the treatment of 
suppurating foci. It has not any marked germicidal power, but the 
excessive amount of oxygen which it contains is held so loosely that it 



Fio. 188.— Mods or Adminibtbrino Sai^t Solution Subcutaneously undbb Each Bhbabt. 

(Eisendmth.) 

is rapidly given up in the presence of any substance which is readily 
oxidized, such as pus and blood. For this reason it is very useful in 
cleansing infected and foul wounds, and hastening the separation of 
necrotic tissue. It has also a marked hemostatic power, and is used to 
some extent on this account in nose and throat work. Its hemostatic 
power is observed also in bone cavities. Care should be taken never to 
use this agent unless there is a free exit, as it increases rapidly in volume 
after coming in contact with dead tissue or pus, and serious accidents 
have happened from its improper use; for instance, if it is injected into 
an abdominal sinus where free escape is not provided for, the increase 
in volume will result in rupture of the sinus and infiltration of surrounding 
tissues, possibly of the peritoneal cavity. The distention produced 
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by it is also quite painful, and therefore only a small quantity, or a much 
diluted solution, should be introduced into cavities. 

Plain sterile water is a fluid which should always be provided in 
large quantities for any operation, for the purpose of cleansing the wound 
and washing the instruments and surgeon's hands during the progress 
of the operation, etc. Both plain boiled water and salt solution are 
much preferable to any of the antiseptic solutions for these purposes. 

MATERIALS EMPLOYED. 

Use of Sutures and Ligature. — Catgut is the material which 
is most generally employed for sutures and ligatures. It is made from 
the submucous coat of the intestine of the sheep. Its great advantage 
is the fact that it is absorbed by the tissues; its greatest disadvantage 
has been the difficulty of sterilization; this, however, has been entirely 
overcome in the past few years. Another objection that is advanced 
against catgut is that when it becomes moistened with the secretions of 
the wound, it is apt to come untied. This objection, however, does 
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not hold where three properly applied knots are tied and the ends of 
the ligature are not cut too short. Where there is tension on the suture, 
or when the ligature constricts large blood-vessels or a thick pedicle, 
the ends of the suture should be left from i to J inch long. Where 
there is a tendency to slipping of the first knot, the second knot should 
be a granny-knot, and the third a reef or fiat knot. If the second knot 
is a granny, the first knot can be made much tighter when the granny 
is applied. 

Until recently many surgeons declined to use catgut because of the 
unreliability of its sterilization. At present, however, there are a 
number of methods that can be absolutely relied upon. Catgut is 
obtained in sizes from 00 up to 5 and 6, which latter are but seldom 
employed, but which may be used for the ligation of large pedicles and 
large blood-vessels. When catgut is obtained in the raw state, it 
should go through a certam preliminary process of preparation, irrespec- 
tive of the special form of sterilization to be later performed. It should 
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be cut into the required lengths and placed on glass reels or in coils, and 
should be soaked in ether for twenty-four hours to take the grease out 
of it. The gut put upon the market by firms of recognized reliability 
can, as a rule, be trusted for its sterility; much of this gut, however, is 
brittle, either from bad selection of the original gut or from oversteriliza- 
tion. Gut can be made to remain unabsorbed for a longer period by 
being chromicized. This is accomplished by soaking the sterile gut in 
a 4 per cent, solution of chromic acid for twenty-four houm. Gut 
treated in this way will remain unabsorbed for from ten to twenty 
days, according to the size of the gut, the strength of the chromic 
solution, and the time it is in the solution. During recent ycjirs iodized 
gut has become very popular, and probalily those forms of sterilization 
which include the use of iodin are more satisfactory than any others. 
Iodized gut is nearly as slowly absorbed as is chromicized gut. One of 
the objections to the iodized gut is that it is frequently brittle. 

The simplest method of iodin sterilization is that of Claudius. It 
consists in placing the gut for eight days in a solution of iodin and 
potassium iodid, 1 per cent, of each. Hurmeister's^® modification of 
the Claudius method is as follows; The use of a mixture of 1 Gm. 
metallic iodin in 15 Cc. or 22.5 Gm. of chloroform, instead of the ordinary 
solutions of iodin. The catgut is placed in this mixture for a week, when 
it is ready for use. The chloroform evaporates so rapidly that the 
catgut dries in a minute, but always retains its flexibility. Burmeister 
claims that catgut thus prepared never becomes friable, never swells 
when placed in aqueous solutions or living tissues, can l)e kei)t dry or in 
a fluid, as desirccl, never has any irritating action, whether rinsed or 
not, while it Is fully as strong as, if not stronger than, that prepared by 
other technics. 

Moynihan’s“ modification of the Claudius method Ls as follows: 
In 10 ounces of sterile water dissolve J ounce of (uystals of potassium 
iodid. When all the crystals are dissolved, 10 ounces of sterile water 
are added and then 1 ounce of iodin crystals. The w^hole is then diluted 
with 4 pints of sterile water. The result is a 1 per cent, solution of 
iodin and potassium iodid. Unless the solution is made in this way, 
he finds that the crystals of iodin do not completely dissolve and the 
solution is, therefore, weaker than it ought to be. He keeps the catgut 
for eight days at least in this solution l:)efore using, and finds that it 
keeps well in the solution for at least six months. 

Bartlett's^* method of sterilization is as follows: The string of catgut 
coils is dried for one hour at a temperature of 180® F., and then for a 
second hour at 220° F., the change in temperature being gradually 
accomplished. The catgut is placed in liquid albolene, where it is 
allowed to remain until perfectly “clean," in the sense that the term 
is used in the preparation of histologic specimens. This is usually 
accomplished in a few hours, though it has been Bartlett's custom to 
allow the gut to remain in the oil over night. The vessel containing 
the oil is placed upon a sand-bath, and the temperature raised during 
one hour to 320° F., which temperature is maintained for a second hour. 
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By seizing the thread with sterile forceps the catgut is lifted out of the 
oH and pkced in a mixture of iodm crystals one part and C!olumbian 
spirits (deodorized methyl-alcohol) 100 parts. In this fluid it is stored 
permanently, and is re^y for use in twenty-four hours; the thread is 
then cut and withdrawn. The Mayo brothers use this gut and highly 
commend it. 

Recently this method has been modified at the Pennsylvania 
Hospital by Dr. W. E. Lee, and the following is the method now 
employed in that institution, the gut thus prepared giving excellent 
results. “Strands of plain catgut of suitable lengths (20 inches) are 
coiled about three Angers, and the coils strung upon a single strand of 
gut. These strings of coiled gut are then placed in a large glass beaker 
(500 C.C.), in which they remain throughout the entire process. For 
heating the gut an ordinary hot-air oven, such as is used in the labora- 
tory, is employed, and within this the beaker containing the catgut is 
placed. The temperature within the oven is then gradually raised 
during fifteen minutes to 100° C., where it is maintained for another 
fifteen minutes (dry heat). Liquid albolene or any bland oil is then 
poured into the beaker, completely submerging the gut, when the 
temperature within the oven is gradually raised during fifteen minutes 
to 140° C., and kept there for the same length of time, when the flame 
is turned off (moist heat). The gut is allowed to remain cooling in the 
oil for the next twelve hours, when it is again heateil to 140° C. in the 
same way, fifteen minutes to, and fifteen minutes at, 140° C. After 
cooling during the next three hours it is placed in wide-mouthed jars 
containing i of 1 per cent, alcoholic solution of iodin, and stored away. 
The gut is ready for use after remaining twelve hours in the iodin 
solution.” 

The foregoing we believe to be the most satisfactory methods of 
sterilizing catgut. Other methods are the simple boiling in alcohol, 
boiling in cumol, the formalin method of Hoffmeister, and the bichlorid 
method of von Bergmann modified by Johnson of the Jefferson Hospital. 
The Hoffmeister method consists in allowing the gut to soak for from 
one and one-half hours to four hours, accordmg to the size of the gut, 
in a 3 per cent, solution of formalin. This gut becomes very hard, and 
can be boiled without damage before being used. By increasing the 
strength of the formalin solution to 5 per cent., the duration of the gut 
in the tissues can be greatly increased. Johnson’s modification of the 
von Bergmann method consists in soaking the gut in a solution of 
bichloride of mercury. Twenty grains of bichlorid and 100 grains of 
tartaric acid are added to 6 ounces of alcohol. The small sized gut 
is kept in this for from ten to fifteen minutes, the larger sizes from 
twenty to thirty mmutes. The gut is then stored in alcohol, to which 
is added one drop of chlorid of palladium to each ounce of alcohol. 
Solutions of the various silver salts have also been employed for the 
sterilization of catgut. MacClure,** following the method of Cidd5, 
soaks the gut for ten days in a 10 per cent, solution of argyrol, during 
which time the jars containing the gut are frequently agitated and 
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protected from light. At the expiration of ten days the gut’ is stored 
in alcohol. James E. Blake/^ of Brookl 3 m, has conducted a series of ex- 
periments in order to study the method of Cr6d6 on the sterilisation of 
catgut by means of silver salts. These experiments tend to show the 
reliability of catgut sterilized in this way, and his conclusions are borne 
out clinically by Pilcher. C. Stich“ advocates sterilization with silver 
nitrate, which he has used for three years with perfect satisfaction. 
The catgut is placed from fifteen to thirty minutes in a 1 per cent, 
alcohol-ammoniacal solution of silver nitrate and protected a gniniat 
light. The gut is then washed in alcohol and exposed to sunlight in a 
sterfle cylinder. It is finally stored in a 10 per cent, solution of 
glycerin in alcohol. 

Kangaroo Tendon. — Kangaroo tendon is a strong ligature material 
which can be sterilized in the same way as catgut. It is questionable, 
however, whether it has any advantages over chromicized catgut. It 
has been very extensively used by Coley and others in operations for 
hernia and also in suturing bone. It is not absorbed so quickly as cat- 
gut, and can be made to remain unabsorbed longer by chromicizing it. 

Silk is the oldest and has been the most extensively employed of all 
suture and ligature materiaLs. Although in recent years it has been 
altogether given up by many surgeons, there are others who still con- 
sider it the safest and best material. Among its advantages arc the 
ease with which it can be procured and carried about, the readiness with 
which it can be sterilized by boiling, and the fact that it does not swell 
or irritate the tissues when left in a wound. Another marked advantage 
is that the knot of a silk ligature seldom slips. It may bo Imught in the 
form of twisted or braided silk. Many operators, especially ophthalmol- 
gists, prefer to use black silk, as the sutures are more readily seen and 
more easily removed. Before being used it should be boiled in a 1 per 
cent, carbonate of soda solution. One great objection to silk is the 
fact that it is not absorbed, and this, to my mind,_ is a very serious 
objection, and, excepting on rare occasions in intestinal work, 1 never 
use it. In infected wounds or wounds where infection may be expected 
and drainage is employed, silk is distinctly contraindicated, as it is very 
apt to keep the sinus open for months and years, until finally the lig^ 
ture is discharged or removed. Where it gives rise to no trouble it 
becomes encapsulated in the tissues. In intestinal work the use of 
silk has been largely superseded by that of celluloid thread. 

Celluloid thread, also known as Pagenstecher thread, is made by 
impregnating linen thread with celluloid. It is very flexible, does not 
become tangled so easily as silk, and is especially useful as the outer, 
or “serous,” suture in intestinal anastomoses. ^ It can be sterilized 
by boiling in a 1 per cent, carbonate of soda solution. 

Silkworm-gut is made from the silk-producing glan^ of the silk- 
worm, which is killed just when it is ready to spin. Silkworm-gut is 
probably the best suture material we have for closing the «temd 
wound; it is non-absorbable, is very easily sterilized by boiling, is 
non-irritating^to the tissues, and its stiffness may be overcome by 
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soaking it in hot sterile water or salt solution. It should not be used 
as a buried suture. 

Horsehair is still used as a suture material, especially in the approxi- 
mation of the skin. It is a very good suture material for this purpose, 
but has not the strength of silkworm-gut. It is readily sterilized by 
boiling. 

Silver wire is a very old suture material, but at the present time, 
outside of bone-work, it is not generally employed. The silver is sup- 
posed by some to possess an antiseptic quality, but this quality is out- 
weighed by its non-absorbability. In certain bone-work it is indis- 



Fia. 100 . — Interrupted Suturi:. Fio. 191. — Continuous Suture. 


penssblc, but care should be taken in inserting it to see that it is not too 
tense, cl% the slightest movement of the part will result in breaking 
the suture. 

Aluminum bronze has recently been quite extensively employed 
in bone-suture, and possesses the advantage of being ultimately 
absorbed. This material and silver wire can be readily sterilized by 
boiling. 

The Tying of Sutures and Ligatures.— It is undoubtedly true 
that much of the suppuration which formerly followed operations was 
the result of too tight constriction of tissues by ligatures and sutures, 



Via. 192 .— Tnoobrbct Way to Suture a 
' Curved Incision. (Vaq Sobaick.) 



ViG. 193 .— Correct Wat to Suture a 
Curved Incuuom. (Van Schaick.) 


and this fault can be primarily traced to the inclusion of too much 
tissue in a ligature or suture. The tendency of the present day is not 
to ligate large masses of tissue, but rather to put on a number of liga- 
tures, or to tie only the bleeding points. The old “ through-and-through" 
suture passed through all the coats of the abdominal wall in order to 
approximate the deeper structures had to be tied so tightly that they con- 
stricted too much the skin and superficial tissues. This resulted in cutting 
and' pressure necrosis. The absence of stitch abscesses in present-day 
surgery is not entirely due to greater aseptic care, but is largely due to 
the approximation of deeper tissues in their several anatomic planes or 
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layers with absorbable sutures, and the gentle approximation of super- 
ficial tissues. The skin forms no part of the strength of a wound, such 
as that in the abdominal wall, and consequently a gentle approximation 
is all that is necessary; when this is exceeded, the resistance of the 



Fia. 194.— Relaxation Sutuhb. 


tissues to infection is very much lessened through interference with the 
blood-supply. 

The best knot to employ in the ligation of tissue and in the insertion 
of sutures is the ordinary reef or flat knot. Care should be taken, espe- 
cially in the use of catgut, to see that the first knot has not slipped before 



Fio. 195.— Showing Duuection of Sutuhs» in Wound Combining Straight Linbh, Angles, 
AND A CuHVHu Line. (After Van Schaick.) 


the second knot is tied. Figs. 196 and 198 show the various methods 
of knotting ligatures and sutures. Care should be taken to approximate 
the edges evenly. This can be done only by seeing that the needle 
emerges from one edge of the wound and enters the other at the same 
distance from the surface. The direction in which the suture is placed 
will also affect the closure, as is well shown in Fig. 195. 




Fig. 196.— VABiBTxiiB of Knots. 

0 , Suraeon's knot; 6, reef or flat knot; c, granny knot. 

The use of the subcuticular suture is due to Halsted, who introduced 
this method of skin approximation with the idea of avoiding contact of the 
thread with the superficial layers of the skin, in which the Staphylococcus 
epidermidis albus had been shown by Welsh to be so constantly found. 
At the present time, however, it has been pretty clearly shown that the 


«04 


SURGICAL TECHNIC. 


greatest benefit of this method of closing the wound lies in the cosmetic 
result, and for this reason it should be thoroughly understood and 
employed wherever the least possible scar is desired, as, for instance, on 
the face and neck. Whenever a subcuticular stitch is employed for 
closing the skin, a subcutaneous suture of catgut should be introduced. 



Fig. 197 .— Msthod of Tying a Ck>MTiNUOfift Suturb. (Veau.) 


which neatly approximates the superficial fascia. If this subcutaneous 
suture is not introduced, there will ultimately be considerable spreading 
of the scar. Wherever possible, this method of wound closure should 
be employed on exposed parts. The method of introducing the suture 
is shown in Fig. 3^, p. 718, Vol. III. Either catgut, silkworm-gut, or 
silver wire may be used. 



Fio. Its.— Hsmoo or ApnoxniATtiia Fasou wrh CSohtiiiuoiis Sdtdu. (Biioknar.) 

After a silkworm-gut or silver wire subcuticular suture has been 
introduced, it should be moved back and forth several times through 
the tissues so as to render its subsequent removal easy. Sometimes 
there are twists or kinks in it which render the removsJ difficult, and 
these should be straightened out at the time of introduction. 
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Needles vary greatly in size and shape. A needle should always 
make a sufficient opening in the tissues to allow the suture material 
to follow it easily. In delicate structures, like the mucous membrane 
and peritoneum, a round needle does much less damage to the tissue and 
there is less likelihood of tearing when the suture is tied thaii when 
needles with cutting-edges are used. The Hagedom needle requires a 
particular forceps for its use, and has the objection of making a much 
larger opening in the tissue than is necessary for the passage of the 
suture. Richter’s needle forceps is one of the best for universal use. 
The forceps which I nearly invariably use is a device of Dr. F. 0. Allen. 
It consists of a small hemostatic forceps, the serrations of one blade 
having been obliterated. This makes a short forceps, which, we think, 
gives a much better control of the needle than does the longer variety. 
Needle-forceps arc innumerable in variety, and each surgeon has his 
individual preference. 



Fra. 190. — Richtsr'a Needljb-holdsb. (Fowler.) 


Removal of Sutures. — When a suture has served its purpose, that 
of approximating the tissues until union occurs, it should be promptly 
removed. It is often necessary to remove stitches before heiJing 
occurs, because of tension or infection. Most of the infections that occur 
are superficial, and when the skin stitches are removed and the wound 
properly dressed, infection is overcome and the wound heals by granula- 
tion without any disturbance of its deeper layers. ■ One of the great 
advantages, therefore, of introducing the sutures in layers is that, in 
case infection does occur, the superficial stitches can be removed with- 
out interfering with the strength of the wound closure. In an ordinary 
wound the stitches are removed anywhere from the fifth to the tenth 
day. The removal of sutures to the lay mind is always supposed to 
be a painful operation. This is the result of experiences during the 
preantiseptic period, when silk and silver wire- were extensivdy 
employed, and when i nfla m m ation in the wounds and stitch abscesses 
were common. There is no reason why the removal of properly applied 
sutures should be pamful. Fig. 200 shows the method of removing a 
suture. It should be slightly drawn up out of the tissues and cut close 
to the skin, in (mler to avoid the dragging of the dry portion of the 
suture through the tissues, and the suture, if it is of sQkworm-gut, should 
then be withdrawn in the same direction it occupies in the wound. If it is 
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drawn out at a different angle, it ia apt to give rise to some pain. As 
a rule, the stitch should be grasped at right angles and rolled out by a 
circular motion. The reinsertion of sutures occasionally is necessary 
for the closure of a granulating wound. These can usually be introduced 
with but little pam if a sharp needle is used, and one which is larger than 
the suture material, or the skin along the suture line may be infiltrated 
with Schleich’s fluid. The removal of ai non-absorbable subcuticular 
suture (Fig. 201) is accomplished by first withdrawing one end a short 
distance and cutting it off close to the wound; the other end of the suture 
is then grasped firmly with a hemostatic forceps and quickly withdrawn, 
the wound being supported by pressure with the hand. The forceps 
graspmg the suture should not be turned at right angles to it or it will 
cut the suture. 



Dressings.— The dressing most extensively used in surgery to-day 
is made from ordinary cheese-cloth. This cheese-cloth, or gauze, should 
be boiled in a 1 per cent, solution of carbonate of soda to remove the 
sizing and increase its power of absorption. The gauze, which is put 
up by the various surgical manufacturing companies, however, has 
already been put through this process. Before operation the gauze 
should be cut and folded into various shapes, to be used both for sponges 
and dressings. Care should be taken that the frayed edge of the gauze, 
after the selvage is cut off, be folded into the center of the dressing, so 
that there is no chance for loose threads of the gauze to be left in the 
wound. Having prepared a proper number of- pads for dressings and 
sponges, a certain number, carefully counted, should be wrapped securely 
in towels or pieces of muslin and sterilized in an autoclave imder pres- 
sure. In a private house this gauze can be boiled or baked in an oven. 
The plain sterile gauze put up by the various reliable manufacturing 
chemists can generally be relied upon for subsequent dressings, but 
for use during the operation and for the primary dressing it should be 
resterilized. For sponges and for drains this gauze should invariably 
be resterilized. Medicated dressings, such as boric-acid gauze, bichlorid 
gauze, etc., possess little or no bactericidal power, and cannot be 
relied upon. One form of medicated gauze which is an exception to 
this rule is the iodoform gauze. Iodoform is only mildly bactericidal, 
and certain organisms can live in its presence; therefore, when iodoform 
gauze is used, it should be made from iodoform which has been sterilued, 
or it should be sterilized after it is made. It may be made as follows: 
Four ounces each, by weight, of iodoform, glycerin, and alcohol and 
5 grains of corrosive sublimate are well mixed and allowed to stand for 
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three days. Moist sterile gauze is then saturated with the emulsion, 
allowed to drip until almost dry, and is then kept in sterilized covered 
glass jars. Another satisfactory method is to place the gauze in the 
following mixture: Iodoform, 1 pound; glycerin, 1 pint; boiling water, 
2 pints; Castile soap, enough to saponify. The iodoform is first sterilized 
under five pounds pressure for half an hour. The other ingredients 
are sterilized by boiling. 

Cofton is indispensable in surgery, and can be easily sterilized by 
dry heat under pressure. 

Many other materials have been and still are being used for dressing 
in cases where there is marked suppuration or the discharge from wounds 
is excessive. Moss, oakum, and excelsior are materials which can be 
used for this purpose and can be readily sterilized. It is so seldom 
necessary to use large dressings and to change them frequently that 
there is little use for these materials, but where they are called for, 
they will be found satisfactory. 

Sponges. — Sea sponges were formerly used extensively in surgery, 
but at present they are never used. Sponges should be made of gauze 
folded into square pads or made into balls, with the selvage turned into 
the center. Long sponges for walling off portions of the abdominal 
cavity can be made in various sizes and lengths. Each should have 
attached to it a 6- or 8-inch tape which can protrude from the wound 
and be caught with a hemostatic forceps. 

Some surgeons prefer the use of large square gauze pads with a tape 
attached to one comer. Personally, I have found the long, narrow 
gauze packs to be more serviceable, as they can be passed through a 
smaller wound and more easily removed. One of the great dangers of 
using sponges in the abdominal cavity is the possibility of ne^ecting 
to remove them. In the ordinary abdominal operation there is little dan- 
ger, but in extensive operations, where there is bleeding or where there 
is a quantity of pus, as in an extensive peritonitis, it becomes an easy 
matter to overlook a gauze sponge. The most careful count should be 
kept by the nurse of the number of sponges of each kind employed in the 
operation, and these should all be accounted for before thewound is closed. 
In addition to this the surgeon and his assistants should watch carefully 
the disposition of each sponge placed in the abdomen. My own rule is 
never to leave in the abdomen for a moment a sponge that has not 
attached to it a tape which protrudes from the wound and to which is 
applied a hemostatic forceps. It is only by developing a careful technic 
and a thorough organization of assutants that these accidents can be 
avoided. The same careful count of instruments, especially of the 
hemostats, should be kept. 

Drains and Protectives.— Glass drainage-tubes are not so exten- 
sively used as formerly, but occasionally are indicated in abdominal 
work. ’ They can be easily sterilized by boiling. Great care should be 
employed in the placing of these giass drains, as by pressure they may 
possibly produce ulceration and necrosis. It is but seldom that a 
glass drainage-tube is indicated. Rubber drainage-tubes are still used 



608 


SURGICAL TECHNIC. 


very extensively, though gauze drains have taken their place to a great 
extent. The rubber drainage-tubes can be sterilized by boiling just 
prior to operation. A combination of gauze and rubber drainage can 
be employed, the tube being split from end to end in a spiral manner, 
and the gauze placed inside it. Another form of drainage veiy much 
like this is made by folding the gauze into the required size and sur- 
rounding it, excepting at the two extremities, with gutta-percha tissue. 
Smaller drains of this kind are also referred to as cigarette drains. 
Von Mikulicz used a bag of gauze in which were placed strips of 
iodoform or other gauze, to which a thread or tape was attached to 
facilitate their subsequent removal. Gauze, where applicable, is 
undoubtedly the best drain which we have, as it readily drinks up any 
secretion, and liberates it through capillary attraction. Many surgeons, 
notably Moynihan and Murphy, prefer rubber tubes to the gauze drains. 
Occasionally, as, for instance, in operations for empyema, a rubber 



Fia. 202. — 1 and 2, Gauie rolled loosely m robber tusue ( ^oiKarette*’ drains); 3, rubber tube 
in spiral nbw and eurroiindinR Htnps of gause; 4, split rubber-tube drain; 5, 6, 7, 8. gauie packs 
and drains of different widths and lengths. 

drainage-tube is indispensable. Where we use a rubber drain a large- 
caliber tube should be employed, otherwise it becomes blocked with 
blood-clot or thick pus and does, not perform its function. Where a 
rubber or glass drainage-tube stays in the wound for any length of time, 
it should be occasionally moved, so as to prevent the openings in it 
from becoming blocked with granulation tissue. 

It is important in using rubber or glass drainage-tubes to see that 
there is no possibility of the tube (dipping entirely in or out of the 
wound. Most of the glass tubes are flanged at the top, which prevents 
their slippmg into the wound, and the dressing prevents their slipping 
out. With rubber tubes a safety-pin should be passed through them or 
they should be sutured to the edge of the wound. Neglect of this 
precaution sometimes produces very troublesome complications. I 
have seen a long rubber drainage-tube removed from a chest cavity nine 
months after operation for empyema. The tube disappeared, and it 
was supposed that it had slipped out of the wound and been lost, while^ 
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as a matter of fact, it had been improperly secured and had slipped into 
the pleural cavity and there remain^ until removed at a subsequent 
operation. One of the chief objections to gauze drainage is the pain 
which accompanies its removal. In taking out a gauze drain it should 
first be carefully separated from the edges of the wound, as at this point 
it is most adherent. It should also be thoroughly saturated with warm 
salt solution. Where difficulty and force are anticipated in the removal 
of a gauze drain or pack, it is far better to remove it gradually after 
thoroughly saturating it with salt solution, taking several days W the 
removal, or else to give the patient an anesthetic. We have used 
chloride of ethyl anesthesia for this purpose with the greatest satis- 
faction. The patient is quickly anesthetized, and recovers conscious- 
ness within a few minutes after the removal of the gauze. Where 
another gauze drain is to take the place of the one which is removed, it 
should be prepared and ready for insertion b^ore the original drain 
is removed; if this rule is not followed, the operator will sometimes have 
difficulty in inserting the new drain, as the tissues quickly contract, 
especially in the case of a recent wound. 

The sterilization of rubber tissue or guUa~jiercha tissue, rubber dam, 
and (died silk is accomplished by soaking them in a bichlorid solution 
(1:1000) for thirty minutes. Cargilc membrane, which is made from the 
peritoneum of the ox, and sometimes employed to prevent adhesions, 
is supplied by the manufacturer in an aseptic condition. Silver-foil 
can be sterilized with dry heat. 

Bandages. — ^The bandages employed in surgery at the present time 
are either made of muslin or gauze. The gauze bandages are put up 
and sold by the various manufacturers, each bandage being wrapped in 
thin paper. Such bandages are the best for applying dressings to the 
head and for wounds. On the trunk, however, and in fracture dress- 
ings, the gauze bandage has no place. On the trunk, they are apt to 
become rolled up into cords, which are uncomfortable to the patient, 
and in the dressing of fractures they are too soft to give much support 
and do not exert an even pressure. Muslin bandages have been used 
for all time in surgery. These can be easily mude by cutting the 
unbleached muslin in strips of varying widths — from six to eight yards 
in length. The selvage should be cut off and the frayed edges removed; 
the bandage can then be rolled on an ordinary bandage-roller. These 
bandages are also manufactured and are perfectly satisfactory. 

Plaster-of-Paris Bandages.— These are made by impregnating 
starch-stiffened crinolin gauze of large mesh with plaster-of-Paris. Care 
should be taken to see that the gauze is stiffened with starch, and not 
with dextrin or glue, as the latter retards the setting of the plaster. 
The crinolin gauze is cut in strips of varying widths from two to four 
inches and four yards long; these are then rolled loosely over a smooth 
surface, the plaster being rubbed into the meshes as the bandage is 
rolled. The bandage having been thoroughly impregnated with the 
plaster, it is handled as little as possible. It may be rolled in tissue- 
paper and should be kept in a d^ place. When needed for use, the 
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bandage is placed standing on end in abasm containing enough water to 
cover the entire bandage, and it should remain in the water until the air 
in it has escaped, as can be told by the cessation of bubbles. It is then 
squeezed firmly in the hand and is ready for application. The part to which 
a plaster bandage is to be applied should be protected by either a flannel 
or a lint bandage, or by flannel or cotton undergarments. Cotton pad- 
ding should be used to protect the bony prominences from pressure. 
When applied to the trunk, allowance should be made for respiration 
and the changes in the size of the abdomen; this can be done by placing 
a folded towel underneath the bandage or shirt, it being withdrawn 
after the plaster has been applied. Where swelling of the part is to be 
expected, as in a compound fracture or in operations upon the bones 
of the extremities, 1 have found it a good plan to cut the plaster 
dressing just before it sets. The part should be held in the desired 
position until the plaster has completely set. It is unnecessary to rub 
into the plaster dressing large quantities of thick cream made from the 

plaster; it adds to the neat appearance 
of the dressing, it is true, but it also 
adds to its weight. 

The removal of a plaster dressing is 
often a troublesome procedure, but can 
be greatly facilitated by cutting the 
plaster before it sets, as already sug- 
gested. There are a number of plaster- 
cutters on the market which greatly 
„ ' . „ ’ ■ facilitate the removal of this dressing. 

Fio. 203.— Pelvic Support During u 

Application op Spica of Hip». Where these are not to be had, a sharp, 

thick-bladed knife is of greatest advan- 
ta^. At the time the plaster is applied a rope or a triangular rubber 
strip may be placed under the plaster, along the line where it is to be 




cut; the rope or rubber is removed after the dressing has set, and the 
blade of a scissors can easily be passed into the space thus made. A 
good way to facilitate the removal of a cast is to place under the cast, 
where the line of incision will be made, a strip of lead or zinc about 
J inch wide. The plaster can then be cut, and the lead or zinc strip 
protects the patient. The strip, if previously anointed with vaselin, 
can be readily withdrawn without any disturbance of the cast. Bechtol^* 
removes his c^ts by cutting them with Gigli saws; in the leg, for instance, 
a saw is applied all the way down the front, another down the back as 
far as the heel, and a third along the sole of the foot. When the plaster 
is dry, it is cut through its entire length, anteriorly, posteriorly, and 
along the sole of the foot, with the saws. This makes two lateral 
splints of the cast. 


Silicate of soda makes a very good firm dressing, especially useful 
in fractures, but has several disadvantages. In the first place, it is 
h6avy , unless a very thin dressing is applied, and in the second place, 
it tak^ a long time for hardening or setting, which is a great disadvan- 
tage in treating recent fractures. In the later stages of the fracture, 


MATERIALS EMPLOYED. 


611 


after the fragments have become more or less fixed, it is a very useful 
and convenient dressing. Silicate of soda can be bought in thick 
solution, which requires dilution with water in order that it may be 
taken up by the bandages. The dressing may be applied in two ways: 
first, ordinary muslin bandages are soaked in the solution for a number 
of hours, preferably twelve, until they have become thoroughly sat- 
urated; they are then applied just as the plaster-of-Paris bandage is 
applied, and with the same precautions as to pressure. The part should 
be kept perfectly quiet until the dressing has completely set. On damp 
days the setting may not be complete in twenty-four hours. The 
second method of applying the dressing is that of encircling the part 
with the muslin bandage without saturating it m the solution, and then 
applying the thick solution with a brush over the bandage. Cause 
bandages may also be used in this way. 

Adhesive plasters have been used for a long time in surgery, but 
the old plasters required heating in order to develop the adhesive 



Fio. 204. — Fixation of Driwino When Fkkqobnt Change ib Nbcesbaby. 

quality. These plasters were followed by the rubber adhesive, which 
is used to-day. Recently, the rubber adhesive plaster has been improved 
by the addition of sine oxid, which renders it much less irritating to 
the skin than the plain rubber plaster, and it is not more expensive. 
This "Z. 0.” adhesive plaster can be bought in wide rolls or on tin 
spools; the latter, excepting for hospital work, are probably the most 
ronvenient. They can be bought in widths varying from i inch to 3 
inches, and m lengths of 6 or 10 yards. Adhesive plaster is indispen- 
sable in surgical work. It is one of the best means we have of fixing 
a dressing so that it does not become displaced. The strips may 
be applied transvorsely, vertically, or diagonally. When but one 
dressing is needed, the plaster can he applied directly across the dress- 
ing; if, however, it is desired to change the dressing frequently, then 
the plaster strips are attached to the sides of the abdomen, the ends 
fold^ over, perforated, and threaded with a tape; these tapes are then 
tied, as shown in Fig. 204. A strip of adhesive plaster 2 inches 
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wide across the abdomen is a great support to the wound during the 
postoperative period. 1 have found it especially advantageous in 
hernia operations, as it prevents the slipping up of the dressing and 
exposure of the wound. The strip should start between the trochanter 
and crest of the ilium, and pass directly across to the opposite side. 
In fractures the adhesive straps are very useful fur keeping the splints 
and pads in place. In fractures of the ribs the adhesive strips alone 
constitute the dressing. Strips of adhesive plaster are far more satis- 
factory than pins for keeping a bandage in proper position on an extrem- 
ity. Dr. C. L. Leonard*’^ has had made an adhesive plaster which is 
adhesive on both sides. It can be readily seen that in some cases this 
is very advantageous: if the plaster is sterile, it can serve the double 
purpose of closing the wound and keeping the dressing in place. 



Fw. 205.— Paqublim*ii Thbbmocadtbrt. (Fowler.) 

A, Hollow handle containinK abeoibent cotton, saturated with beiisin; B, removable cap; Gi 
eonnectinis tubina; D, rubber bulb; K, secondary bulb muirded by netting; F. alcohol lamp and cap; 
G, knife-ahape<l caute^ iwint: H, pointed cautery S^int; 1, doinei^aped cautery point; J, extenriou 
attachment to be ueed with the shorter cauteiy points. 

Lllienthal^* has strongly advocated the use of sterile zinc oxid 
adhesive plaster in the approximation of the skin edges. The ordinary 
adhesive plaster cannot be sterilized after it is made, but several of the 
manufacturers produce a reliable sterQe article. If the wound is closed 
with a subcutaneous suture, the skin can be approximated as closely 
with this plaster as with a subcuticular stitch. In removing these strips 
of adhesive piaster care should be taken to support the wound with 
one hand and to remove the plaster by drawing it from each end 
toward the line of incision. 

Sand'bags are an essential in certain surgical procedures. In 
operations on the skull and on the bones of the extremities a firm 
sand-b^, about 12 inches square and 3 inches thick, is desirable. In 
•dperations on the gall-bladder a sand-bag under the spine brings the 
ducts withm easy access. The sand-bag should be covered with a 
rubber cloth to keep the sand dry. If, in spite of this, the sand should 
become moist, it can be dried out in an oven. 
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Thermocautery.— The Paquelin cautery is often necessary in 
surgical work, especially in operations about the rectum and mouth. 
Many surgeons alw use it to cauterize the stump of the appendix. The 
.cautery should always be tested some time before the operation, in order 
to mate sure that it is working properly. The tip should be heated over 
an alcohol or gas-flame until it becomes a dull red; then the benzin 
vapor should be forced through by pressure on the rubber bulb until the 
tip is a bright red. Core should be taken not to pump too much air 
into the rubber reservoir or it will burst. An occasional pressure on 
the bulb is ail that is necessary to keep the tip at the proper temperature. 
If it should go out, it will be necessary to reheat it at the lamp. A dull 
red heat is the proper heat at which to use the cautery. Where ether 
is the anesthetic employed, care should l)e taken to keep the cautery 
well away from the ether vapor, and always above the level of the ether 
apparatus, as the vapor of ether is heavier than air and falls. After 
using the cautery it should be heat^ to a white heat in order to sterflize 
it, and then allowed to cool slowly. 

Hypodermic Syringe. — A sterile hypodermic syringe should 
always form a part of the paraphernalia of any operation. It may be 
used for inducing local or regional anesthesia or for the administration 
of drugs. This is another instrument which should always be carefully 
tested before the operation to see that it is in working order, and 
especially that the needle is patulous and that there is no leakage. 
When a hypodermic syringe is used for the purpose of giving a drug, 
it should be mserted entirely through the skin into the subcutaneous 
tissues. If, on the contrary, it is used for injecting an anesthetic 
solution, it should simply enter the skin so that when the fluid is injected 
a welt is raised along the line where it is desired to make the skin incision. 
If a patient is conscious, he should always be informed that the needle 
is about to be injected, or else he is apt to make a sudden movement 
which will break the needle. A very good hypodermic syringe, the 
barrel and piston of which are entirely made of glass, can be had, and 
is especially useful in surgical work. There is no doubt that the pro- 
fession has become entirely too lax in the use of hypodermic syringes, 
since occasionally very serious infections occur from a want of proper 
aseptic precaution. Fatalities have occurred after these infections, 
and if there is the remotest possibility of such, there is every reason why 
the most careful cleansing of the skin and of the needle should be made. 
Alcohol is an agent which con be used on both the skin of the patient 
and for sterilizing the needle, and as it is so readily obtained, there is 
little excuse for failing to carry out the sterilization. 

Aspirators. — Various types of aspirators are employ^; as a rule, 
the one having the simplest mechanism is the best. Ilg. 206 shc^ 
ah. aspirating syringe which is of great advantage in removing fluids 
from the different body cavities, such as the gafl-bladder, joints, the 
pleural cavity, etc. Such a syringe should always be one which can be 
readily sterilized, and as much care should be exercised in its use as 
when a complete operation is done For diagnostic purposes the 
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aspirating syringe is often used. The results, however, should not 
always be accepted as final, as occasionally the needle may have not 
only penetrated, but perforated, the supposed body of fluid, or the 
.needle may have become blocked with a mass of tissue. 

Infusion Apparatus. — In cases of shock, hemorrhage, and occa- 
sionally m other conditions, an infusion of salt solution or other fluid 
becomes necessary. This fluid may be injected, subcutaneously, when 
the operation is spoken of as hypodermodysis; or the fluid may be injected 
directly into a vein. When hypodermodysis is employed, the site 
usually chosen for the injection is the tissue under the breast. Fig. 188 
shows the apparatus in use. A needle of good caliber should be 
employed, and care should be taken to see that the needle is introduced 
entirely through the skin into the subcutaneous tissue. In making 
intravenous injection, one of the superficial veins at the bend of the 



Fig. 206. — Potain'b AspiRATiNa Apparatus. 

elbow, usually the median cephalic, is chosen. First, the skin over- 
lying the vein is thoroughly cleansed, a bandage is applied about the 
upper arm, sufficiently tight to cause the veins to stand out promi- 
nently; the skin overlying the vein selected is then incised, and the 
vem thoroughly expos^. Two ligatures are placed around it, and the 
lower one tied. The upper one is caught with a forceps. By making 
traction on this suture the escape of blood can be prevented when the 
vein is opened. The vein is opened by pinching up a portion of its 
caliber in a small pah* of forceps, and with the scissors or knife making a 
nick in it sufficiently large to admit the cannula of the aspirator. This 
.cannula should gradually increase in size from its point up, so that it 
cMi be made to fit tightly in the opening. When this is not the case, 
it will be necessary to have a third ligature about the vein at the point 
where the opening is made and tie the cannula in position. A small, 
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sterile glass funnel connected with the cannula by a sterile rubber tube 
is all the apparatus that is absolutely necessary. Before introducing 
the cannula into the vein a little fluid should be allowed to pass through 
it so as to prevent the introduction of air into the vein. There has 
been a difference of opinion about the evils resulting from the passage 
of air into a vein. (See Air Embolism, Vol. 1.) The temperature of the 
solution should be about 105® to 110® F. when it is poured into the 
funnel. It loses some of this temperature, of course, in passing through 
the tube. The amount of fluid pourecl into the funnel should be 
carefully estimated. When sufficient fluid has been introduced, the 
upper ligature should be tied and the cannula withdrawn. The wound 
is then closed and a sterile dressing applied. 

(For the use of infusion in shock, see Surgical Physiology, Vol. I, 
p. 88, also Wounds and Contusions, Vol. L, p. 942.) 



Fio. 207. — ^Trambfdnon Apparatus with Nbcbbsart Instrumbntb, Lioaturbs, btc. 

Direct Transfusion of Blood.— Direct transfusion of blood is 
not a new operation, but it has been revived, owing to the recent 
advance in the technic of vascular surgery, largely through the work 
of Carrell, Crile, and others. The difficulty which has always been met 
with in direct transfunon is clotting of the blood, either in the vessels 
themselves or in the tube or cannula which intervenes between the 
vessel of the donor and that of the donee. Crile has devised a method, 
however, which brings the intima of the artery into contact with the 
intima of the vein, so that clotting does not take place unless the intima 
of the vessels has been injured by rough handling. He has shown, 
and many other surgeons more recently have confirmed it, that patients 
reduced to such a low condition by the loss of blood that any operation 
would be attended with grave risks may be so improved by the direct 
transfusion of blood from another individual that the operation may be 
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undertaken vith impunity. The value of this method has now been 
demonstrated so satisfactorily from a clinical point of view by many 
surgeons that it must be looked upon not only as a legitimate procedure, 
but one possessed of great life-saving possibilities. 

In Crile’s recent book on “Hemorrhage and Transfusion” he gives 
full details of all his experimental work and reports of his own cases 
and those of others. He has shown conclusively by experiments that 
in illuminating gas poisoning transfusion will give the best results; 
this statement is also borne out by the cases in which excellent results 
have been obt^ed by the transfuinon of defibrinated blood. He 
incorporates a number of cases of hemorrhage in typhoid fever in 
which the lives of the patients have been imdoubtedly saved by direct 
transfusion. In jaundice also and in gastric hemorrhage, direct trans- 
fusion seems to have saved life. Carrell’s case of direct transfusion 
in melena neonatorum is g^ven in detail. In a private communication 
Carrell states that he has transfused a second baby two days old, 
suffering from purpura, with the same excellent result. 

One of the objections to direct transfusion is the want of affinity 
between the bloo^ of certain individuals. When one blood is not 
adapted to the other, hemolysis is the result, with the development of 
a serious anemia. Excepting in the extremest emergencies the affinity 
of the two bloods must be determined, and this requires a number of 
hours. If hemolysis is found to take place when the two bloods are 
combined, another donor must be chosen. The disregard of this rule of 
determining the affinity of the two bloods may result very seriously, 
and, therefore, except where the donee’s condition is extreme and 
death imminent, the examination of the bloods should not be omitted. 
A fatal case of hemolyins after transfusion has been reported by Pepper 
and Nesbitt. 

Funke, who has studied this question of affinity, shows that in about 
one-half of the cases the bloods are incompatible. He describes in 
detail a test to determine the adaptability of the donor’s blood. 

The following is a description of Grile’s technic. 

“In the dinical transfusions we have utilized the radial artery of 
the donor and the proximal end of any superffeial vein of the arm of 
the recipient. The radial artery was chosen because it is easily isolated 
and may be readily adjusted to the position of the vein of the recipient. 
Unless contraindicated the donor and the recipient are each given a 
hypodermic injection of morphin twenty minutes before the transfu- 
sion. Before they enter the operating room, after their arms are 
prepared, and for the purpose of minimizing the psychic factor, a nurse 
places over their eyes a wet towel with the diverting mcplanation that 
the e 3 res must be protected from the bright light to prevent headache. 
The donor is placed upon an operating table of the Trendelenburg type, 
w that should he faint the head may be readily lowered. The recipient 
» also placed upon an operating table with his head in the opposite 
direction from the donor. By the use of an infiltration anesthesia of 0. 1 
per cent, solution of cocain, about 3 centimeters of the radial artery are 
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exposed and the smaller branches tied with very fine silk; a Crile clamp 
is applied to the proximal end of the artery and the distal end is ligated; 
the artery is then divided; the adventitia is pulled over the free end as 
far as possible and closely snipped off; a moist saline sponge now covers 
this field; 8 or 4 cm. of a superficial vein of the recipient are then 
likewise freed; the distal part ligated, the proximal closed with a 
Crile clamp; the distal part is divided with scissors, the adventitia 
drawn out as far as possible and closely snipped off; the vessels are 
then inspected and a cannula whose bore is larger than the actual tissue 
thickness of either vein or artery is selected (Fig. 208). The vein may 
then be pushed through this tube, after which the freed 
end is turned back like a cuff and snugly tied in the 
second groove. During this time the handle of the 
cannula is steadied and manipulated by means of a 
forceps. If the artery is small or atheromatous and, 
therefore, firmly contracted or if it is contracted for 
any other reason, its lumen may be dilated by means ana8to^b^“can- 
of a “mosquito” hemostat pushed into the lumen and 
gradually opened. The artery is then drawn over 
the vein and is snugly tied with a small linen ligature in the first 
groove. This completes the anastomosis. 

“The clamp is then removed from the vein, afterward gradually 
from the artery, when the blood-stream will be seen to pass from the 
artery across to the vein, dilating the latter. However, the exposure 
and manipulation of the vessels, especially the artery, causes sharp 
retraction. The artery may contract so firmly as to obliterate its 
lumen. The constant application of worm saline solution and protection 
from the air will help materially in bringing about relaxation and, 
hence, a larger stream of blood. The pulse-wave may be palpated in 
the vein. It is best to introduce the blood very slowly, watching 
carefully the result. 

“From our clinical and experimental research into the technic we 
have reached the following conclusions: That the vascular systems of 
two individufds may be united so that intima comes in contact only with 
intima; that this may be accomplished by the Carrell suture or by a 
special anastomosis tube, which is the method of choice; that blood may 
be transferred without clotting; that the use of the radial artery of the 
donor and any superficial vein of the recipient yields the best resulte; 
that the operation may be done pmnlessly; that the blood lost by the 
donor is regained in from four to five days; that the amount transferred 
is under the immediate control of the operator; and that the rate of 
transference should be carefully gauged because of the risk of over- 
eharpng the pulmonary circulation.” 

•T. A. Hartwell, of New York, has described a ample method of blood 
transfusion without a cannula. His plan is simply to insert the artery 
into the vein after first having lubricated the'mrteiy with sterilised 
petrolatum. The vein is made taut around the artery by pressure 
forceps. 
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Both the method of Crile and that of Hartwell have been improved 
upon by Brewer, who recommends the use of glass tubes about 2^ inches 
long, small at one end, for insertion into the artery, and large at the 
other, for insertion into the vein, and lined with paraffin (Fig. 209). 
The length of the tube and its easy insertion into the vessels makes the 
operation much simpler and easy of accomplishment. I have used 
Brewer’s tul)e with the greatest satisfaction in one case. 

Another modification of the Crile tube has been devised by Hep- 
bum. This would appear greatly to facilitate direct transfusion. 1 am 
inclined to think, however, that now that we have been shown that it is 
possible to do a transfusion with the glass tubo, that this will become the 
method generally used. A very complete review of the manner of 
direct transfusion has been presented by Ottenberg, who reports a 
number of experiments and two clinical cases. 

From the clinical cases reported it is evident that direct transfusion 
is not as successful where the patient is suffering from serious septi- 
cemia, pernicious anemia, and leukemia as where it is simply a case 



Fio. 200 .— Brbwer'b Glabb Thbb Lined With Paraffin. 

of the loss of blood. Even these serious conditions, however, are at 
least temporarily benefited, and further work may prove the results 
to be mure permanent. In one of my own cases, where a direct trans- 
fusion was done for pernicious anemia, the improvement has been 
remarkable, but it seems as though the result is not going to be perma- 
nent. Apparently the good results which follow direct transfusion are 
not entirely due to the mere quantitative or functional re-enforcement 
of the blood, but to the stimulating effect of the transfused blood, 
especially upon the bone-marrow. Carnot has devoted considerable 
study to this subject and has conducted extensive experiments upon 
rabbits. He believes the existence of certain substances in the serum 
of anemic animals, which he calls hemopoietins, are supposed to stimu- 
late the bone-marrow to increased reproduction. The balance between 
the hemolysins mid the hemopoietins is changed in favor of the hemo- 
poietins after severe hemorrh^. He is of the opinion that the trans- 
fusion of defibrinated blood prepared by a method which he describes 
will give as satisfactory results as direct transfusion. 
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STUDY OF THE PATIENT. 

Before undertaking any surgical procedure a careful study of the 
patient and a thoughtful consideration of his personal and family his- 
tory are necessary. It is important that a habit be formed of taking a 
systematic history and making a systematic examination of the patient 
before operation, else one is sure to have many painful and humiliating 
surprises. Such histories should be filed and indexed. 

Temperamenti at one time, was supposed to influence largely the 
prognosis. With our increased knowledge of the causes of disease, 
infection, and death, this factor of temperament has played a less impor- 
tant part; nevertheless experience teaches that temperament does 
affect to some small degree our results, A patient of a hopeful, sanguine 
temperament is much more apt to aid our efforts and to recover smoothly 
than one who is melancholic and lethargic. 

Obesity and plethora also influence the surgical prognosis. Fatty 
tissue necroses very rapidly, especially if it is injured or constricted, 
and is frequently the predisposing cause of suppuration. Fat embolism 
also is more apt to occur in these patients. Very stout patients take 
an anesthetic much better than would be expected, but rest in bed in a 
constrained position is very hard on them. Where there is time, it is far 
better to try to reduce the weight of very obese patients before opera- 
tion. This is especially true in cases of hernia. In plethoric patients 
there is much more apt to be a congestion of the wound and a greater 
tendency to inflammation. 

The habits of the patient regarding tobacco, alcohol, drugs, etc., 
should be carefully considered. Chronic alcoholism is a decided contra- 
indication to any prolonged operative procedure. It renders anesthesia 
more dangerous, mfection of the wound is more likely to occur, and the 



620 


SUBGICAL TECHNIC. 


patient may develop delirium tremens in his postoperative period. 
Such patients are apt to have bad kidneys, and any additional work 
put upon them by the anesthetic may produce serious complications. 
Acute alcoholism is even more dangerous. I believe that in these 
conditions where operation is imperative, it is a good plan to allow the 
patient a moderate amount of alcohol, as there seems little doubt that 
the complete cutting off of the supply may produce a very serious 
nervous condition and often delirium tremens. Drug habits, such as 
the taking of morphin and cocain, do much to render diagnosis difficult. 
The patients, and sometimes their families, will endeavor to keep the 
fact of such habit a secret even when a siugical operation is com- 
templated, whereas if it were known, it would markedly influence the 
treatment. Drug habitues are decidedly poor patients, and stand 
operative procedures badly. 

Heredity and Diathesis. — ^These undoubtedly play a part in the 
prognosis, although it is very difficult to estimate their importance. 
Certain conditions, however, are undoubtedly hereditary, and for 
statistical reasons careful notes should be made regarding the family 
history. It is well, in studying the patient, to inquire as to whether 
or not there are “bleeders” in his family, for hemophilia seems to be 
hereditary. A predisposition to tuberculosis is certainly hereditary. 
The so-ctJled lymphatic constitution is a condition which appears to be 
hereditary. Such patients show a marked tendency to enlargement 
and chronic inflammation of the lymph-nodes. The hereditary tendency 
to cancer has never been actually disproved, and it is well for us always 
to consider it. A gouty or rheumatic diathesis or tendency is usually 
present in patients who suffer from calculus formation, arteriosclerosis, 
and chronic nephritis. 

Too much attention cannot be given to a study of the patient’s 
heart, blood-vessels, and circulation. Acute valvular heart lesions 
are a decided contraindication to a general anesthetic. Chronic heart 
lesions are far less dangerous. Although patients with arteriosclerosis 
stand operative procedures remarkably well, there is always a danger 
of apoplexy from the strain put upon the vessel by the anesthetic. 
Sudden deaths have occurred during and after operation from rupture 
of a thoracic aneurysm which had not been suspected before operation. 
In the presence of any serious lesion of the heart or blood-vessels no 
operation, unless absolutely necessary, should be performed under a 
general anesthetic. It is in these cases that infiltration anesthesia has 
proved to be a great boon. 

Acute lesions of the respiratory organs, whether of the upper 
air-passages or of the lungs, are decided contraindications to operations 
under a general anesthetic. Chronic lesions of the lung and mucous 
membrane of the bronchial tubes may also be greatly aggravated by 
the administration of a general anesthetic. Old tuberculous lesions 
may be relighted under the stimulation of a general anesthetic. No 
operation should be performed in the presence of an acute lesion of the 
respiratory tract, excepting when imperative. Cardessness in tiiis 
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regard is sure to result in postoperative pneumonia in a certain pro- 
portion of cases. Failure to examine the chest carefully in cases of 
apparent acute abdominal crises has resulted in the performance of an 
abdominal operation when the s}rmptoms were due to a beginning 
pneumonia or a diaphragmatic pleurisy. 

Inflammatory diseases of the kidney, whether acute or chronic, 
tAit especially if acute, decidedly influence the prognosis in surgical 
operations. The danger lies chiefly in the anesthetic, and especially 
in ether, which, being eliminated by the kidneys, aggravates to a 
marked degree the lesion. Here some means of avoiding a general 
anesthetic, and especially ether, should be taken. (Sec chapter on 
Local and Spinal Anesthesia.) Inquiry should bo made rcganling the 
passage of blood in the urine and regarding painful and frequent 
micturition. Diabetes has for many years been looked uimn as a 
decided contraindication to operation, not only because of the danger 
from the anesthetic, but because suppuration and gangrene are so 
apt to occur in the wound. We have lately learned, liowever, that 
certain diabetics stand operation perfectly well. Phillips,*" who has 
studied this condition very thoroughly, has laid down the following 
rules regarding operation: 

“A thorough examination of the urine must be made in all cases. 
Not only the amount of sugar is to lie ascertained, but the presence or 
absence of acetone or acid bodies; the ferric chlorid reaction and IjUgol’s 
test should be employed in every instance. The presence of oxybutyric 
acid is not easy to demonstrate or to estimate, save by the polarimetcr. 
The total amount of ammonia must always be estimated. No operation 
save of the extremest urgency is to be perfonned if there is over one 
gram of ammonia excreted in the twenty-four hours until this has been 
reduced to the normal amount. An operation should Iks postponed if 
there be aceto-acetic acid in the urine, though the ammonia be not mark- 
edly increased. Much albumin in the urine is a bar to operation. 
If serious disease of other organs, such as the liver, be present, an 
operation should be avoided. Rapid wasting in a stout diabetic not 
obviously dependent on the surgical lesion demanding treatment should 
be a reason for postponing an operation until the general condition is 
improved. An operation should be performed: (1) For malignant 
disease, if, apart from diabetes, such would be urged; (2) in the case of 
large abdominal tumors, especially in females; (3) in diatetics in goed 
hedth without extensive arterial or nerve degeneration, cosmetic 
operations may be performed, especially in females; and (4) an emer- 
gency operation is to be undertaken even in the most unfavorable 
circumstances, but a very guarded prognosis is to be given. Save in 
the last category, if any of the inctications agamst operation be present, 
the operation should be postponed until they are ameliorated.” I 
have followed these rules for a number of years and have been able to 
operate on many diabetics successfully, whereas formerly 1 would have 
declined to operate. 

Syphilis, either hereditary or acquired, is capable of greatly inter- 
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fering with good postoperative results. If, however, we take the pre- 
caution to give the patient proper antisyphilitic treatment for some 
time before and after operation, the results will be perfectly satisfactory. 
Operations, excepting those of emergency, are not to be undertaken in 
the primary or secondary stage of syphilis. After operations on syphili- 
tics it is of the greatest importance to keep up the antisyphilitic treat- 
ment. Many good operative results are ultimately spoilt by neglect 
of this precaution. The patient cannot be impressed too forcibly with 
the necessity of carrying on his treatment after an apparent cure. 

The existence of an acute or subacute gonorrhea is a decided contrsr 
indication to operation, excepting those of absolute necessity, since 
infection of the wound with the gonococcus is always a possibility. 

Tuberculosis. — In the absence of tuberculous lesions in the lung 
operations for tuberculous conditions, generally speakmg, offer a 
fairly good prognosis. An important part of the treatment of tubercu- 
lous lesions, and one which surgeons are apt often to neglect, is the 
hygienic and dietetic treatment of the patient before and after opera- 
tion. Many recurrences requiring repeated operations result from 
neglect of this care. Tuberculous patients, as a rule, stand prolonged 
surgical procedures remarkably well. Any lesion of the lung, however, 
greatly increases the danger of operation, and, where it is possible, a 
local anesthetic of some sort should l)e employed in these cases. 

Blood. — Examination of the blood is absolutely necessary in 
certain surgical conditions, and valuable information can always be 
obtained from such examination. It should consist in the estima- 
tion of the hemo^obin, a count of the red and white blood-cells, and 
a differential count of the white cells. In the presence of jaundice an 
estimation of the coagulation time is also necessary, since in a pro- 
longed jaundice the coagulability of the blood is greatly reduced, and 
fatal hemorrhage may be the result of an operative procedure, l^ere 
jaundice is present, preparatory treatment with calcium chlorid has 
been recommended very strongly by Mayo Robson.* Thyroid extract, 
as pointed out by W. J. Taylor, is also an agent which tends to prevent 
and control hemorrhage, such as occurs in the presence of jaundice. 
Anemia, if it is at all marked, and especially if it is due to a condition 
which the operation will not remove or relieve, must be looked upon as 
■ a contraindication to operation. It is a condition, however, which can 
be greatly benefited by treatment before operation. The value of the 
leukocyte count, and especially the differential count, has been clearly 
shown in the chaptor on The Examination of the Blood (Vol. I., p. 126). 
The estimations of the percentage of hemoglobin necessary to render 
on operation permissible have varied greatly, some authorities stating 
that an extensive operation where the hemo^obin is below 50 per cmt. 
is extremely dangerous, and when below 40 per cent., should not be 
undertaken except in an emergency; others reduce these estimates 
to 40 per cent, and 30 per cent. As a matter of fact, no absolute rule 
can be laid down for the guidance of the surgeon. 1 have performed 
a successful hysterectomy for fibroids where the hemoglobin was bielow 
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30 per cent., but, of course, it was done for uterine bleeding which 
could not be controlled by any other means. Unless absolutely neces- 
sary, the operation should be postponed m the presence of a low hemo- 
globin until the condition can be improved, as it nearly always can be 
by treatment. 

Acute Diseases. — Nothing is more important, especially in children, 
than the exclusion, as far as possible, of acute diseases, such as ton- 
sillitis, measles, diphtheria, scarlet fever, typhoid fever, etc. In 
studying the patient, inquiry should always be made as to his recent 
environment, whether or not he has been in contact with contagious 
diseases, and whether he has had these. Often children are admitted 
to the hospital for operation on the day subsequent to their admission, 
and on this day they will develop one of the eruptive fevers or some 
other acute condition. It is our rule, in children especially, to have the 
patient admitted, not on the day before operation, but several days 
before, so as to avoid the possibility of an operation during the incuba- 
tion period of these acute maladies. The taking of the temperature 
for several days previous to operation is a good plan, and often enables 
us to avoid operating in the l>eginning of some acute infection. 

Nervous Diseases. — Operations in the presence of insanity have 
been considered at length in Volume II. In such conditions as hysteria 
and the various forms of neurasthenia it can be said that, as a rule, 
good results after surgical operations are greatly interfered with. To 
undertake operations for the relief of nervous disorders of this kind 
is veiy^ questionable, usually results in disappointment, and often in 
rendering the condition of the patient worse. The results of opera- 
tions in the presence of spinal lesions and lesions of the peripheral nerves 
are in no wise interfered with, unless, of course, the field of operation 
lies in an area where already there are trophic changes, or where there 
is reason to expect these. 

Alimentary Tract. — Before undertaking any surgical procedure of 
magnitude the condition of the alimentary tract should be carefully 
considered. A mouth containing decayed and unclean teeth is sure 
to contain organisms of the greatest virulence, and the administration 
of an anesthetic under these circumstances may result in a septic 
infection of the lung, or, m operations on the alimentary' tract itself, 
m a serious infection at the site of the wound. The teeth, therefore, 
should always be placed in good condition prior to operation. Any 
complaint on the part of the patient of dyspepsia or indigestion should 
be thoroughly investigated, as an optative procedure on some other 
organ in the presence of an ulcer or cancer of the stomach would not be 
justifiable except in an emergency. A careful history as to vomiting, 
especially the vomiting of blood, as to the condition of the bowels, and 
as to the passage of bloody mucus, should be obtained. One of the 
most important things before any operation is the thorough emptying 
of the intestinal tract. When ti^ is not done, there is sure to be a 
more or less severe autointoxication from the intestinal tract in a 
certain proportion of cases. 
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Thyroid. — ^The presence of a goiter should always make us hesitate 
about the performance of an operation, and if the goiter is accompanied 
by exophthalmos or other indications of Graves’ disease, only operations 
of the most urgent necessity are to be undertaken, and then only after 
the dangers have been explained. Not only does the danger result 
from the mechanical interference with breathing and pressure on nerves, 
but persons who are the victims of thyroid tumors often suffer from 
severe shock for which it is difficult to account. 

Deformities of the chest, especially those the result of disease, 
should be carefully investigated, as serious interference with respiration 
during the anesthesia may result from them. In such cases it may be 
advisable to employ a local anesthetic. 

PREI^ARATION FOR OPERATION. 

The preparation may be divided into that of the patient, the room, 
the surgeon and his assistant, and the instruments, dressings, etc. 

Preparation of the Patient. — In order properly to study the pa- 
tient and learn the condition of his various organs it will be necessary 
that he be under observation for several days prior to operation. Dur- 
mg this period attention must be directed to the correction of any 
disordered function and to the prevention of such indiscretions in diet 
and behavior as may be detrimental to the operative success. During 
this period, as has been already indicated, a careful examination of 
heart and lungs, a chemical and microscopic examination of the urine, 
and in certain cases an examination of the blood, should be made. 
Neglect of this rule may not always result disastrously, but if it is 
neglected habitually, the operator is sure to lose a certain number of 
cases from his carelessness. The time to find out a serious lesion of the 
heart or kidneys, for instance, is not during or after the operation, but 
before it. To fail to take the necessary precautions before operation is 
to render the operator liable for damages in a court of law; therefore, 
if for no other reason than his self-protection, a surgeon should not 
neglect this part of the preparation for operation. The volume of 
urine which the patient passes should be measured, and the amount of 
urea excreted also determined. It has been shown by Da Costa that 
in the presence of a small excretion of urea the danger of the anesthetic 
is markedly increased. During the few days previous to operation 
the patient should partake of an easily digested diet, and should exclude 
any excessive amount of alcohol or any especially rich food; the bowels 
should be opened thoroughly at the beginhing of the {nreparation, and 
again on the day previous to operation. On the morning of the day 
of operation the rectum should be emptied by an enema. The night 
before the operation the patient should have a light, soft, easily digested 
supper, and, if the operation is to be done in the early morning, nothing 
but water should be takmi into the stomach after this meal. If, on the 
contrary, the operation is to be done at midday or in the afternoon, 
the patient can be allowed liquid nourishment up to within five or six 
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hours of the operation, and water in moderate amounts up to within 
an hour or two. It is a great mistake to withhold water in liberal 
amounts during this period of preparation. If the patient is able to 
use a commode or go to the toilet prior to his operation, it is well to allow 
him to do so. Many patients are unable to void urine in bed, especially 
when they are nervous and worried about the approaching operation. 
It is a mistake to catheterize these patients unless there be some special 
reason for doing so. They should be allowed to rise and empty the 
bladder. 

During the preparation period the patient should be thoroughly 
protected by warm clothing from drafts and cold atmospheres. It has 
long been a custom in many hospitals to remove all the patient’s clothing 
on his admission and dress him in a suit of cotton pajamas or simply 
a muslin night-shirt with trousers, and allow him in these thin clotlies 
to move about the wards. This is not what the patient has Ijcen 
accustomed to do, and it is a mistake to. expose him in this way. He 
should either be kept in bed, or else dressed in warm clothes if he is to 
be up and about. 

Frequently patients are in a nervous state prior to operation, and 
arc unable to sleep. When this is the case, unless there is some special 
contraindication, some mild hypnotic, like the bromids, trional, veronal, 
or sulphonal, should be given, . so as to give the patient sleep and rest 
on the night before the operation. 

During this preparatory period the patient’s pulse, temperature, 
and respiration should be taken at regular intervals, at least twice a 
day. As many of the lung infections and infections of the gastro- 
intestinal tract can be traced to the mouth, it is important that the 
condition of the mouth should be investigated, and dirty or decayed 
teeth cleaned or repaired. A daily warm bath should also be given, and 
the condition of the patient’s scalp investigated and corrected, especially 
in children of the poorer classes, in whom parasitic diseases of the 
scalp are so common. 

Preparation of the Field of Operation. — ^The elaborate prepara- 
tion of the field of operation which was employed a few years ago has 
been replaced by a much simpler and just as satisfactory a technic. In 
addition to a general warm bath on the night before operation, the 
field of operation, which should include all parts which by any chance 
may be exposed during the operation, should be shaved in case any 
hair is present, and should be scrubbed for ten minutes with a soft 
brush or with a gauze sponge, using tincture of green soap. Formerly 
many surgeons applied a green-soap poultice which was allowed to 
remain for a number of hours, but this is unnecessary unless the skin 
is especially dirty or very thick. The application of such a poultice 
often produces a dermatitis, and thus thwarts the very object for which 
it was employed. In children, especially, because of their delicate skin, 
the application of a moist bichlorid dressing for any length of time is 
contraindicated, and in very old and feeble patients it should not be 
used because of the danger of exposure. After havmg scrubbed the 
v<Mi. V — 40 • 
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field thoroughly with warm water and green soap, alcohol (75 per cent.), 
benzm, or ether should be applied for the purpose of removing all grease 
from the skin. Of these thi*ee agents, personally I prefer alcohol. 
Following this the field should be scrubbed for four or five minutes 
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with bichlorid solution 1 : 2000, after which a dry sterile gauze dressing 
should be applied over the whole area and firmly fixed with a bandage. 
It was formerly the invariable custom to apply a moist bichlorid dressing 
and leave it in position all night; this, however, I believe to be unneces- 
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sary, and when it is used about the trunk, that it not only makes the 
patioit uncomfortable and disturbs his sleep, but it may be the 
meana of chilling his body and exposing him in this way to cold. On 
the morning , of the operation the dry dressing is removed and the 
previous preparation repeated. At this time, however, if it is desired, 
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a moist bichlorid dressing may be applied and allowed to remain until 
the patient is placed upon the operating table. Where the operation 
is to be done upon the hands or feet of laborem, or those who are accus- 
tomed to work in oil or grease, .the immediate preparation for operation 
should be preceded, where time is allowed, by prolonged soaking of the 
part in hot soapsuds, or a green-soap poultice may be applied for some 
time. Although the scalp often requires lepeated preparation, care 
should be taken not to apply very strong antiseptic solutions for any 
length of time, as irritation, especially of a scalp which is unaccustomed 
to cleansing, is apt to result. 

Some years ago Murphy,** of Chicago, advised the use of an adhesive 
rubber dam as a protection to the patient’s skin in operating. Tlie 
dam was applied over the field of operation, and the incision mode 
through it just as if it were one of the comi>onent parts of the skin. He 
writes me now, however, that he has given this up and is using a solution 
of 4 per cent, by weight of gutta-percha in acetone, only the resinoid of 
the gutta-percha being dissolved. This leaves a thin coating of rubber 
on the skin. He states that for a long time he used it on his hands 
also, but that it finally produced, through an erroneous addition of 
formalin by the manufacturer, an eczema, since when he has been 
unable to use it even without the formalin on account of the irritation. 
It does not in any way affect the patient’s skin, and Murphy thinks 
that it entirely dues away with the danger of infection from this source. 

Emergency Preparation. — It often becomes necessary to operate 
in emergencies when there is little time for preparation either of the 
patient or of the field of operation. In certain cases, for instance, 
where profuse hemorrhage is taking place, either concealed or open, 
it is often a difficult question to decide how much time to devote to 
preparation. If a general anesthetic is to be used in such a cose, the prep- 
aration of the field of operation can usually be done while the patient is 
taking the anesthetic, and in this way no time is lost. Wheie there is 
every evidence of severe hemorrhage, the first indication is to arrest the 
bleeding, and this should be done as speedily as possible. If the 
bleeding, however, is taking place slowly, the additional ten minutes 
required for the proper preparation of the skin is probably well employed 
in this way, and may save the patient a possible fatal infection. It 
can readily be seen that in a stab-wound of the he^ or of a large vessel 
the patient might easily bleed to death while the field of operation is 
being prepared. In such cases as these the operation should be pro- 
ceeded with, and after the hemorrhage is controlled, an antiseptic of 
some kind, preferably bichlorid of mercury solution, 1 : 2000 to 1 : 4000, 
should be used in and about the wound. In other words, an antiseptic 
instead of an aseptic operation is done. Also in these ca^^ the appli- 
cation of a moist bichlorid dressing to the wound after it is dos^ is 
good practice. There are few instances, excepting where hemorrhage 
is present or respiration is obstructed, in which operation without some 
preparation of the field is justifiable. I believe that not mfrequently 
the mistake is made of making an emergency out of certain surgical 
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lesions where operation might easily be postponed until the patient 
could be removed to proper environment and some preparation for it 
made. A few hours often make very little difference in the result, and 
the observation and the better study of .the case which can be made in 
this time will frequently throw considerable light on the case, and 
possibly alter one’s view regarding the lesion itself. Notwithstanding 
all these facts, it is often necessary to operate at once, and when this 
is the case, the field of operation can be shaved and prepared as already 
described, while the patient is being anesthetized, if there be not suffi- 
cient time to do it before. If it is desirable that the bowels should be 
moved, a high enema can be given, and this will usually result in the 
complete evacuation of the rectum. 

Probably one of the most common conditions demanding prompt 
operative interference and emergency preparation is obstruction of the 
bowels. A patient suffering from this condition will often have fecal 
vomiting, and it is a good plan to wash out the stomach before oper- 
ating. This serves three purposes— that of preventing the possibility 
of tiie patient drowning in his own vomit during or after the anesthesia, 
of lessening the likelihood of pneumonia due to inspiration of vomited 
material, and of rendering postoperative vomiting much less likely. 
Too much stress cannot be laid upon the advantages of gastric lavage 
in these eases. 

Where it becomes necessary for any reason to operate in improper 
surroundings, as for bleeding or obstruction of the respiratory tract, 
no formal operative procedure is justifiable; the operator should go 
only so far as to render his patient safe for transportation to proper 
surroundings. When one is likely to be called upon to treat emergen- 
cies, especially injuries, he should always have at hand a bag with 
properly sterUized instruments, dressings, and appliances. This bag 
should be reserved for emergencies and not used for regular dressings, 
or else important articles are sure to be missing when most urgently 
needed. This will obviate greatly the danger of infection and greatly 
increase the surgeon’s usefulness in such emergencies. 

In an emergency operation, if there is no way or opportunity of 
sterilizmg instruments by means of heat, they can be placed in a carbolic 
solution or in pure alcohol. If sterile catgut sutures are not at hand, 
ordinary silk or linen thread may be boiled and used. Dressings can 
usually be prepared by boiling linen, such as shirts, sheets, or handkeiv 
chiefs, or cheese-cloth while the operation is in progress, or these 
materials can be soaked in a bichlorid or carbolic solution. A sufficient 
number of towels and sheets should also be sterilized by soaking in 
these solutions. In the absence of proper assistants as quick and 
concise instruction as possible should be given to some intelligent 
layman regarding the help expected of him, and he should be par- 
ticularly instructed, after the sterilization of his own hands, regard- 
* ing the necessity of avoiding the handling of anything not already 
sterilized. 

A surgeon should never lose sight of the fact that with an operatuu 
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performed in a properly arranged hospital operating room and under 
thorough aseptic conditions, although it may performed a few hours 
later than one could be performed under for less satisfactory circum- 
stances, the patient’s chances of recovery are far better. One should not, 
therefore, make the mistake of considering many of the inflammatory 
lesions of the abdomen, thorax, and cranium emergency cases, and 
operate upon them under unfavorable surroundings unless the condition 
of the patient truly indicates them to be such. 

Dressing and Transporting of Patients.— The greatest care 
should be exercised to avoid exposure and chilling of the patient during 
the few hours preceding operation, during transportation to the operat- 
ing room, and more especially during and after operation. The parts 
that are not involved in the field of operation should Ije warmly clothed; 
the patient’s legs and feet should l)e covered by Canton flannel or woolen 
leggings or pajamas, and the entire body wrapped in several blankets. 
The head should also be hooded in a light blanket during transportation 
through passageways and in elevator-shafts. This protection should 
be kept up during the administration of the anesthetic, and when the 
patient is placed upon the operating table it should not l)e neglected. 
It is too often the custom in abdominal operations to keep only the legs 
of the patient wrapped in a blanket, allowing the chest to be absolutely 
exposed to air and fluids which too soon become cool. A light blanket 
or woolen shirt should always encase the chest. The blanket which is 
over the lower extremities should come up as higli us possible without 
interfering with the field of operation. In other words, only so much of 
the patient should be exposed on the operating table as is positively 
necessary. Various methods of keeping the patient wann on the 
operating table have been devised: Crile’s hot-water mattress is 
shown in Fig. 253, p. 938, Vol. I. Other surgeons have their tables 
heated by electric lights which are distributed on the under surface of 
the table. Personally, I believe that if the patient is projKirly prepared 
beforehand, and if the surgeon and his assistants arc careful not to 
allow the clothing to become saturated with fluids, there will be no 
necessity for any of these specially devised tables. If, on the contrary, 
it is the custom with the surgeon to use largo quantities of fluids, then 
some such method of heating the table is of great value. 

CHOKZ Aia> PREPARATION OF OraRATING RO(»I. 

In building an operating room p a hospital three things should be 
kept in mind: (1) A good supply of light; (2) having the room well 
separated from the wards and patients’ rooms; and (3) communicating 
dressing rooms for the surgeons and nurses and etherizing rooms for 
the patients. In addition to thu a most valuable adjunct is a recovery 
ward, where patients are allowed to recover from their anesthetic before 
being removed to the wards: of course, this is unnecessary where 
patients are returned to private rooms. The sterilizing room and 
the instrument room should also be dose to the operatmg room. An 
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overhead light from a skylight well protected from breakage by a wire 
screen under it is much to be preferred to side lights. The skylight and 
the wire protection should be easily accessible for the purpose of cleaning, 
and should be cleaned at frequent intervals. If there is a good skylight, 
side lights are not necessary, but are often, especially in perineal work, 
a great convenience. Ample arrangements should be made also for 
artificial light, and for this purpose electricity is much to be preferred, as 
it is much less dangerous and much cleaner than gas. Various methods 
of lighting an operating room artificially are employed. The best light 
is obtained from an overhead collection of incandescent lights. Such 
lights should be easily reached and be cleaned each day to protect the 
field of operation from falling dust. Reflected light is also employed 
in some operating theaters. The light is directed against a mirror 
which throws it onto the field of operation. Another method is to 
have lights placed at different points around the room, with 
metallic reflectors behind them. None of these methods, however, 
compares in satisfaction with the overhead light, and their only advan- 
tage over the latter is the fact that they cannot in any way infect the 
wound. If care is taken, however, the chances of infection from an 
overhead light can be reduced to practically nothing. It is well to have 
some substitute to fall bactk upon in case of failure of the electricity. 
I have known of two instances in a suburban hospital where the 
electric lights failed in the midst of an abdominal operation. The best 
substitute for electricity, in case there are no gas-fixtures in the room, 
is simply a collection of candles, which can be congregated on a board, 
and this can be held in different positions. Kerosene lamps are dan- 
gerous and often result in serious accidents. Candles should always 
be at hand ready for use in case of emergency. 

Fig. 212 shows an arrangement of an operating room, dressing 
rooms, etherizing rooms, etc., which is convenient in a hospital. (See 
also the chapter on the Surgical Organization of a Hospital.) 

The choice of an operating room in a private home is often easy 
from necessity, but the preparation is always unsatisfactory. The 
advantages of operating in a well-appointed operating room in a hospital 
are innumerable, and no operation of magnitude should be done in a 
private house unless from absolute necessity. Even in apparently 
simple operations there often arise emergencies when one wishes for the 
'conveniences and resources of a modem operating room. If the 
surgeon could always know exactly what he was going to do, and 
exactly what emergencies and dangers would arise, probably operations 
in private houses would be more satisfactory, but this he can never 
know, and consequently when operating in private houses he naturally 
meets with disappointments and is unable to do as satisfactory work 
as he could under proper environment. It is not only in behalf of 
the surgeon, but much more in beh^f of the patmnt, that this plea for 
the hospital operating room is made. The public should be educated 
to the idea that a surgeon does far better work, and is much better 
equipped for the emergencies which may arise in even the simplest opera* 
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tion, when operating in his own hospital and surrounded by his cus- 
tomary nurses and assistants. Only when absolutely driven to it by 
the patient’s serious condition should a surgeon be willmg to operate in 
a private house when a well-appointed operating room is at hand. 
Certain minor and emergency operations, however, must be done in 
private houses. The only way to do this satisfactorily and successfully 
is to make a thorough preparation for every possible contingency and 
have all needed trained assistants. As a matter of fact, most of the 
operations that are done in private houses are done with fewer assis- 
tants than are in a hospital, and yet without any of the con- 



Fia. 212.— 'A Conveniently Arranged Operating Suite. 

veniences of the hospital. It is not surprising under these circum- 
stances that the work itself is not so well done nor the results so good. 

In choosing a room in a private house one should be selected which 
offers the best light at the time of day the operation is to be unde^ken. 
If possible it should adjoin, or certainly be on the same floor with the 
patient’s own room. If possible, the operation should never be done in 
the patient’s room unless he is first moved out. All heavy hangings, 
pictures, unnecessaiy furniture, together with carpet and rugs, should be 
removed from the room. The wt^s should be wiped down and the floor 
scrubbed. In an emergency it is better not to stir up a great deal of dust 
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and dirt in a room where an operation is to be done, unless there is plenty 
of time thoroughly to clean it; therefore, under these circumstances the 
carpet should be covered with sheets and the furniture wiped with a 
wet cloth. Occasionally it may be necessary to improvise an operating 
tabic, and for this purpose two smidl tables placed end to end are often 
preferable to a longer table, such as the proverbial kitchen table, 
which is recommended, because the latter is nearly alwa]^ too wide to 
render handling of the patient and the necessary operative manipula- 
tions easy. Another simple method is to place a wide board from one 
small table to another. The improvised table should be covered with 
a folded blanket and this covered by a sheet. A method, of improvising 
the Trendelenburg table is shown in Fig. 213. Numerous portable 
operating tables are on the market. Finney, of Baltimore, has devised 
an operating trunk for operations in private houses, which not only is 
used to transport instruments, dressings, etc., but which also can be 



Fia. 213.'— Av Impiiovihed Tsendelbnburg Table (Bricknar.) 


converted into a very satisfactory operating table (Fig. 214). In order to 
avoid soiling and wetting of the patient an ample amount of rubber mack- 
intosh should be provided, which can be folded in such a manner as to 
confine the fiuids and drain them into a bucket. Rubber pads are made 
for this purpose, but they are objectionable because of the difficulty 
in keeping them thoroughly dean. When used, they should be scrubbed 
and sterilized before and after each operation. 

In addition to the operating table three other small tables should 
be obtained, scrubbed, and covered with sterile sheets. An, ample 
supply of basins, buckets, and pitchers should be at hand; those which 
are to contain solutions used in the operation should be first soaked in 
a bichlorid solution or boiled. Sheets and towels should also be ster- 
ilized by boiling or being soaked in and wrung out of a bichlorid solution 
’(1 : 1000). In case instrument trays are not at hand, meat dishes or 
soup plates can be used for this purpose. They can be readily sterilized 
by soaking in a bichlorid solution. The arrangement of tables, instru- 
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ments, etc., should be as much like the operator's accustomed hospital 
arrangement as possible. Fig. 224 gives an arrangement which will 
be found satisfactory in most instances. 

The only way thoroughly to prepare for an operation in a private 
house is to go carefully over the various steps of the operation before- 
hand and consider every possible need and emergency. An ample 
supply of hot water and hot and cold boiled water should be provided. 
One of the last things in the preparation is to see that the room is of 
the proper temperature — about 75® F. The possibility of obtaining this 
temperature should be considered before deciding upon the room. 



Fio. 214 . — Fxnnky'b Portablb Opibating Table. 


In operating in a private house the question of employing unskilled 
assistants often arises, and the surgeon should endeavor to choose one 
or two intelligent persons who have possibly witnessed operations and 
who are not likely to lose their heads or faint at the sight of blood. 
Excepting for these chosen assistants, the room had best be free of all 
the family and friends. The operator will do better work if thqr are 
not present, and there will be much less chance of wound infection, as 
the average layman has absolutdy no conception of surgical cleanliness. 
It is a great mistake to allow members of the patient’s family or dose 
friends, unless accustomed to witness opaations, to be present. The 
surgeon who pernuts this is sure to regret it. If sudden temorrhage or 
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other accidents happen, especially anesthetic accidents requiring a cool 
head and prompt action, the presence of these friends or relatives is 
the greatest drawback; therefore, for the patient’s own benefit, as well 
as for the surgeon’s, it is wisest to exclude them. 

PREPARATION OF THE SURGEON. 

It must be understood that the preparation required for the surgeon 
is also required in ev^ detail for the assistants and nurses. These 
can infect a wound nearly os easily as the surgeon himself. A chain 
is no stronger than its weakest link, and a nurse who handles sponges, 
sutures, and ligatures is an important link in the operative technic. 
There has been in recent years a tendency to simplify as far as possible 
the preparation of the surgeon for an operation, and the complicated 
and cumbersome details that were formerly gone through with have 
now been abandoned. 

It is important, in the first place, that the surgeon should be cleanly 
in all his habits and dress. Slovenly dressing and unclean linen hardly 
suggest a perfect surgical technic, tmd it is difficult to imagine such an 
one performing an absolutely aseptic operation. The surgeon’s hands 
should always receive his particular attention. The- nails should be 
cut short, and cracks, hang-nails, and abrasions should be avoided, as 
they constitute a good nidus for the development of germs. When, 
for any reason, it becomes necessary to use strong antiseptics which 
produce roughening of the skin, care should be taken to wash the hands 
in sterile water immediately. The combination which is sure to produce 
roughenmg and irritation of the hands is that of blood and bichlorid 
solution; carbolic acid and formalin solutions have much the same 
action, and should always be washed off promptly with sterile water. 
Should the hands become chafed or roughened, some bland hand lotion 
should be thoroughly applied at night, and, if necessary, a thin cotton 
glove worn at night until the condition is relieved. Internes and 
nurses whose hands are constantly in irritating antiseptic solutions 
should keep such a lotion in their bedrooms and use it regularly. The 
habit bf scraping the under surface of the nail with a sharp metal 
instrument for the purpose of removing dirt is a mistake, as it keeps the 
.nail rough and makes a good surface for the lodgment of dirt. If the 
nails are kept short, nothing more need be used for cleansing the under 
surface than a nail-brush or an orange-wood stick. 

At the present time, when automobiles are so commonly used by 
those doing surgical work, the greatest care should be exercised to. 
protect the hands from grease and oil, which render them difficult of 
sterilization. By the free use of gasolene or benzin most of this oil and 
grease can be removed. The habit of wearing ^oves does much to 
protect the hands from the ordinary dirt and abrasions which accom- 
ptmy any mechanical work. 

Fortunately for surgery, the day of long hair and long beards has 
passed, and an operator should always be careful not only that his 
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hair and his beard, if he wears one, are properh’ trimmed, but also that 
all skin which is covered by hair is kept thoroughly clean. The per- 
spiration which may possibly drop from the head or face is always more 
or less septic, and may readily be the source of wound infection. 

The mouth of the surgeon should also be kept in as cleanly a con- 
dition as possible. The teeth should be cared for regularly, and the 
tonsils kept free from infection. Even in 
dressing wounds the surgeon is apt to talk, 
and it is often impossible to prevent the 
escape of saliva, which may result in 
wound infection. To prevent .this during 




Fig. 215.— Oauib Mahk. (Moynihan.) Fio. 216.— Suroxon Prepahbd for 

The gauie is euepended on hooke dependent from a spec- Opxration ^baking tub Spbctaclb 
taole frame. piabk. (Moynitian.j 


the conduct of an operation a mask of gauze may be worn over the 
mouth, as is shown in Figs. 215 and 216. 

The immediate preparation consists, first, in a change of all the 
outer clothing, and preferably all the underclothing. Aside from the 
cleanliness of this change, the comfort of the surgeon is to be considered. 
This change of clothing should also apply to the nurse. Nothing is 
more uncomfortable than to have one's mind distracted by an uncom- 
fortable collar or tight shoes while operating. Another grMt advantage 
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of the change of clothing is that when the surgeon is through opcratmg 
he puts on clean, dry clothing, and is much less apt, in going out into 
the open air, to catch cold. A change of shoes wU also be found a 
great convenience, and most surgeons wear white canvas shoes, which 
are readily cleansed. The operating suit which is worn by the surgeon 
and his assistants should be made of a heavy, durable material, which 
will stand repeated washings and sterilizations. The ordinary white 
linen trousers and shirt or a suit of pajamas may be used, but a suit 




Fio. 217. — Sorqison's Opxrating Qarb. 


Fiq. 218. — Operating Garb for Nurse. 


made of more durable material and fewer buttons is preferable. This 
suit should not be used in lieu of an operating gown or apron, since it is 
sure to become contaminated while being put on and during the cleans- 
ing of the hands. When the sterilization of the hands is complete, a 
sterile gown should be put on, and preferably one with long sleeves over 
which the cuff of a rubl^ ^ove can be drawn. 

Preparation of the Hands. — ^The preparation of the operator’s 
hands has received more attention than any other one point in aseptic 
technic, and deservedly so, for the hands are the most common source 
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of wound infection. Innumerable methods and solutions have been 
employed, and at the present time no uniform method has been estab- 
lished. It is true, however, that here again simplicity has supplanted 
to a large extent complicated and cumbersome procedures. In all 
the many different methods the mechanical cleansing with clean warm 
water and a scrubbing-brush constitutes the first part of the preparation, 
and in the minds of most surgeons it is the most important part. It is 
necessary to know how and how long to scrub the hands. It is per- 



Fio. 219.*-*AEBANOBMaNT FOB WABn-BABXNS IN PwvATB HoBPiTALB. (Kelly and Noble.) 

The bainns are placed over a laqee por^ln sink and 
pedals. Each basin swings in its frame, and w empti^ into the sink by a liimt touch on the nra. 
When out of use the b^n and frame are hook^ up agaiTist the ma^e slab on the wail, as shown on 
the left. 


fectly true that one person may scrub the hands for twenty minutes 
without getting them as clean as another would in ten. Nurses and 
assistants should all be taught to scrub every part of the hand and 
forearm, special attention being devoted to the nails and the spa^ 
between the fingers and to the back of the forearm. The posterior 
aspect of the forearm is one which is very commonly overlooked, and 
yet it is one which comes in constant contact with the sterile toweb 
and sheets surrounding the field of operation. The hands should be 
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scrubbed both in the closed and open position, so as to remove dnt from 
all the creases. The under surface of the nails should not be scraped 
with a metal instrument, but cleansed only with the nail-brush or a 
sterile orange-wood stick. The brush which is used should not be too 
soft nor yet too hard, and its bristles should be perfectly even, otherwise 
they are apt to cut the delicate skin between the fingers or under the 

nails. The brush should be steril- 



Fig. 220. — Trb AiiRANOEMaNT or the Ha^ 
Basins at Johns Hopkins Hobpitau 
(Kelly and Noble.) 

The metal baiim used by the operator and 
house staff is set in a frame which ean be ele- 
vated as in Fig. 210. The basin is pivoted 
and easily lifted off from the frame and put in 
the steam steriliser before using. Beneath 
this is a second basin, a porcelain fixture, 
which is used exclusively oy the students 
before making vannal examinations, etc. 
Hie spn^ (s) is adopted from the Royal 
Victona Hospital operating room. 


ued before being used. It is a great 
mistake to use the same brush in 
preparing for an operation that is 
used for cleansing the hands after 
ordinary dressings or after conduct- 
ing operations in the presence of 
sepsis: these latter brushes should 
always be sterilised and kept in an 
antiseptic solution. A very simple 
way to avoid confusing the two 
brushes is to use brushes with black 
bristles for scrubbing the hands to 
cleanse them from dirt, and a ster- 
ilized brush with white bristles to 
disinfect the hands. Some surgeons 
prefer to use gauze sponges during a 
part of the time devoted to the hand 
sterilization instead of brushes, and 
no doubt if properly employed the 
gauze accomplishes the same ob- 
ject. I cannot believe, however, 
that its use is as effectual about the 
nails. During the scrubbing of the 
hands the surgeon should not handle 
the spigots or drain plup. If it 
is necessary for him to manipulate 
these, they should be covered with 
a sterile gauze pad. In most modem 
operating rooms the spigots and the 
stops are regulated either by the 
foot or by a lever which is worked 
by the knee. The water which is 
used should preferably be sterile: 
ordinary filtered water, however, 
which is warm, may be emplo3red. 


The water should be changed at least three times during the pceparatiom 
That soap is best which is least irritating, and most of the antiseptic 
soaps cannot be employed for any length of time because of their 
"irritating quality. Tincture of green soap or “Ivory” soap is the least 
irritating and answera every purpose. After all, it must be remem- 
bered that it is the took, and not the soap, as has been said by a Scotch 
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surgeon, which accomplishes the object. Warm water softens the skm 
and enables it to be thoroughly cleansed. 

The time devoted to this mechanical cleansing should be at least 
ten minutes, and preferably fifteen, and an important point is that the 
time should be divided equally between the two hands. The time 
devoted to this scrubbing should not lie guessed at, but must be accurate. 
1 have seen more than four-fifths of the time devoted to one hand. 
Nurses and internes, unless carefully watched and tramed, ore very 
apt to shirk this thorough mechanical cleansing; its importance should 
be impressed upon them and they should be made to scrub os long and 
as carefully os the surgeon himself. I have often observed a surgeon 
devote the requisite time and attention to the scrubbing of his hands, 
and his nurse or assistant complete this operation in dno-third the 
time and with one-third the care. Of course, it is unnecessary to devote 
the same amount of time to the mechanical cleansing of the hands 
when passing from one operation directly to another unless the hands 
have become contaminate during the preceding operation or during 
the interval. Such contamination, however, unless carefully avoided, 
is apt to occur on the port of the assistants and nurses. 

Chemical Sterilization of the Hands. — After the proper mechani- 
cal cleansing, any one of a number of chemical methods may be employed 
to complete the sterilization. The simplest, and that which I can 
heartily recommend, is soaking the hands in a 60 or 75 per cent, solution 
of alcohol for about five minutes. This may be supplemented by soaking 
in a 1 : 2000 bichlorid solution for the same time. The alcohol, however, 
is more penetrating and much less irritating than the bichlorid solution. 

Another method of chemical sterilization is that of usmg perman- 
ganate of potash and oxalic acid, which had its origin at the Johns 
Hopkins Hospital, and was highly recommended for the destruction 
of the Staphylococcus epidermidis olbus, which proved to be the organ- 
ism which most frequently caused wound infection. After scrubbing 
the hands they are soaked in a saturated solution of permanganate 
which stains a dark brown; the permanganate is then removed by wash- 
ing in a saturated solution of oxalic acid. This method is very popular, 
but to the skin of many surgeons the oxalic acid is quite irritating. 
This irritation may, however, be relieved by washing in sterile lime- 
water after using the acid solution. 

Yet another method is the use of a combination of chlorid of lime 
and soda. A scant tablespoonful of chlorid of lime is placed in the 
palm of the hand; to this is added a piece of sodium carbonate about 
^e size of a walnut, and suffi6ient water to make a piute. ^ This is 
rubbed' into the parts until the rough grains of the chlorid disappear. 
The hands are then washed with sterile water. 

An enormous amount of experimental work has been done, and 
innumerable methods of chemical sterilization have been suggMted. 
I cannot help but fed, however, that the mechanical cleansing is by 
all means the most important, and that the simplest supplemental 
chemical sterilization is the best, and for this purpose I recommend 
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most heartily the alcohol method. Among those who have done a 
great deal of work in this line is Charles Harrington,*’ of Boston. A 
solution which has been extensively employed, and which is known as 
Harrington's solution, consists of commercial alcohol, 640 c.c.; hydro- 
chloric acid, 60 c.c.; bichlorid of mercury, 8 gm.; water, 300 c.c. This 
solution is very actively germicidal, but is very irritating to some skins, 
and for that reason many surgeons have had to give up its use. One 
point which Harrington has brought out is that, after the proper 
sterilization of the hands, the secretion of the sweat-glands which may 
occur within a short time is sterile. In a long operation, or where the 
hands perspire freely, too much confidence should not be placed in this 
demonstration however, but the hand should be frequently washed in 
an antiseptic solution if no gloves are worn. 

Rubber Gloves. — Probably no one element has contributed more 
to the perfection of aseptic technic than the introduction of rubber 
gloves. The use of these by many surgeons was for a long time confined 
to work on infected cases, but at the present time, in nearly every clinic, 
surgeons will be found to wear gloves in all their work. Gloves not only 
serve to prevent infection of the wound, but also they protect the 
surgeon against infection. In office and general practice rubber gloves 
are indispensable, and should always be worn when vaginal and rectal 
examinations are made. Their use in the office enables the surgeon 
to make the necessary examinations and go at once to the operating 
room with no fear of infecting the wound. In operations where it is 
necessary to make examinations of the mouth, vagina, or rectum, or 
to place a finger in any of these cavities for aid during some operative 
manipulation, the rubber glove enables the surgeon himself to do this 
port of the work without any fear of contaminating the wound, as the 
glove which is used for this purpose can be immediately removed and 
replaced by a sterile one. The gloves should be fnade of thin rubber, 
and preferably pebbled or roughened on one side. This roughening 
does away with one of the early objections made to rubber gloves, 
namely, that it was difficult to hold instruments and serous-covered 
viscera like the intestine. A rubber glove should fit snugly, as no delicate 
work can be done with a glove that is too long or too wide inthe fingers, as 
the wrinkles which occur are very troublesome. A glove which is too tight 
produces nearly as much inconvenience as one which is too loose, as it 
constricts the hand, rendering manipulation more difficult, interfering 
with sensation, and, after a time, producing marked aching of the hands. 
Thicker gloves may be used for bone-work or where delicacy of touch 
is not required. In using the thicker gloves for these cases there is 
great economy, as ^oves are very expensive and the thin ones ore 
easily tom in bone-work. 

Sterilization of the gloeei is a very simple matter, but an important 
aid in this is the habit of never allowing a glove to remain soiled or wet 
for any great length of time. As soon as it is removed from the hand 
it should' be thoroughly washed in soap mid water and boiled for five 
to fifteen minutes, depending upon whether it has been used in a dean 
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or an infected wound. The repeated boilings do much to injure the 
rubber, but what is more injurious, is allowmg the glove to remain wet 
for any length of time. Where immediate sterOization after use is not 
practicable, the glove should be thoroughly cleansed with soap and 
water, dried, and dusted with talcum powder, which prevents the sur- 
faces of the glove becoming adherent to one another. The repairing 
of rubber gloves is an economic measure which should always l)e prac- 
tised. A puncture in a finger can be repaired by stretching the glove 
over a sm^l test-tube and applying a patch of thm rubber by means of 
one of the cements similar to that used for repairing bicycle and auto- 
mobile tires and sold by aU dealers for this purpose. Sterilization does 
not affect the cement. The patch should preferably be placed on the 
inside of the glove, so that it may not by any chance become displaced 
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Fia. 221. — An Easy Method oif Putting on Fio. 222.— P^acino Gauze under Wribi^b and 
A Glove. or Glove to Prevent Ebcafe or Bbcke- 

TION OF THE BkIN. 


and lost in the wound. After sterilization the gloves should be thor- 
oughly dusted with an aseptic powder, and folded in a sterile cloth or 
towel. Before being used again they should be resterilized. 

There are two methods of drawing on the gloves — one is the wet and 
the other is the dry method. The dry method consists in thoroughly 
powdering the glove with some sterilized powder, like talcum, and 
rubbing the same well into the hand. If preferred, the glove may be 
powdered on its inside and constricted at the wrist with a rubber band 
and then boiled. The wet method is the one which I employ and 
believe to be preferable. The ^ove is about half filled with sterile 
water, the cuff turned back and stretched by a nurw while the hand of 
the operator is thrust into *is. Fig. 221 shows this method of putting 
on the glove, and if it is followed, there will be little chance of tearing 
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the {^ove. The glove can be easily peeled off if thoroughly wet first. 
If an attempt is made to remove it when it is dry or partially so, it is 
very apt to be tom. Another advantage of the wet method is that it 
discovers any minute holes which may be present in the glove and 
which may be overlooked when the dry method is used. Dudley P. 
Allen, of Cleveland, advocates puttmg on the glove out of bichlorid 
solution, as the amount of solution remaining in the ^ove is sufficient 
to sterilize any secretion from the skin. This method may be used 
occasionally, but if used habitually, it is very apt to produce consider- 
able irritation of the skin. During the progress of the operation the 
hand should be rinsed frequently in sterile water so as to prevent the 
clotting of blood on the ^ove. It is a good plan to place under the 
portion of the glove covering the wrist a thin band of sterile gauze; 
this prevents the escape of perspiration during the progress of the opera- 
tion; of course, this gauze is unnecessary where a long-sleeved gown 
is used and the glove is pulled up over the sleeve. The glove should 
not be put on until the surgeon is ready to begin the operation. 

Because gloves are worn, no operator ahovld suppose that it is any 
the less necessary eonsdentiouely to go through a sterUvuition of his 
hands. Frequently, in the course of an operation, the glove is tom or 
punctured by a needle, and if proper preparation of the hands has not 
been made, infection of the wound may result. 

At different times cotton gloves have been stron^y advocated, and 
one of the special claims made for them is that they do not cause by 
their warmth an excessive secretion of the skin. Notwithstanding 
this advantage there can be no comparison in the safety of operating 
in mbber rather than in cotton gloves. The cotton glove has the 
marked disadvantage of interfering much more than the rubber glove 
with the tactile sense and the manipulation of the tissues. Keen*’ 
showed, some years ago, that the cotton glove possessed insurmountable 
objections. 

Preparation of Instruments. — As far as possible only those 
instmments should be employed which can be sterilized by boiling. 
Wooden and ivory handles are to be discarded in favor of solid steel. 
As few comers and joints, and as little lettering as possible, should be 
the rule in the manufacture of surgical mstmments. All metal instm- 
ments can be readily sterilized by boiling for ten or fifteen minutes in 
a 1 per emit, carbonate of soda solution. Occasionally, e. g., in spinal 
anestheria, the soda should not be used. This sterilization, however, 
should be gone through with twice, once immediately after, and once 
immediately before, operation. What has been said regarding mbbmr 
gloves applies particularly to instmments, nunely, that as soon as the 
operation is completed, the instmments should immediatdy be demised 
by sembbing with a brush and thoroughly dried or sterilized and ^ed. 
There is no excuse for allowing rust or tarnish to occur on a surgical 
instmment; if the instmment is thoroughly dried after being used and 
Bteriliaed there will be no such tendency. Any tarnish or rust can 
easily be removed by any of the various fine sandsoap preparations. 
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After being sterilLsed the instruments may be placed in a tray and 
covered with sterile water or sterile normal salt solution, or they may be 
used dry, which I think is preferable. In this case they are spread 



Fig. 223. — Comvknient Abranoemsnt or Instkumentb for Operation. 

out between sterile towels and arranged m some regular way so that 
those who handle them may know exactly where to find the desired 
instruments when needed. This arrangement of instruments should 



Fio. 224.— Abrangembht won Surobon and Attemdantb. 



be maintamed as far as possible throughout the operation. The 
development of a regular method of arranging the instruments enables 
the operator to tell at a glance whether all instruments that are apt to 
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be needed are present, and it greatly facilitates the progress of the 
operation. In sterflizing knives the blades, should be carefully wrapped 
in cotton to prevent nicking of the edges against other instruments. 
Boiling tends to dull the knives, and some operators prefer to 
use mechanical cleansing, and allow them to remain for some time 
in 95 per cent, alcohol. A convenient instrument tray is one which 
extends over the operating table, and is made very much like the tray 

used for feeding patients when in bed. 
This places the instruments in a readily 
accessible position. The instruments, es- 
pecially hemostatic forceps and scissors, 
should be counted before and again after 
operation, to ascertain that none has been 
left in the wound, particularly in abdommal 
operations. 

The Operation. — A matter always to 
be considered is the disposition of assist- 
ants, nurses, and visitors. Every operator 
should have an established habit in regard 
to the work which each of his assistants 
and nurses is to do, and the positions they 
are to occupy during the operation. Fig. 
224 shows an arrangement which I have 
always found very satisfactory, but each 
operator will develop an Arrangement 
which best suits his circumstances and 
convenience. In the matter of visitors, 
theii' position during the operation should 
be definitely indicated, and they should 
be made to keep it. To have spectators 
moving around the operating table is very 
disturbing to the operator and his assist- 
ants, and increases the dangers of infection. 
Wljen spectators are allowed to come any- 
where near the operating table, they should 
be properly gowned so as to prevent any 
chance of infection. The operator should 
never become so engrossed in his work and in demonstrating its steps 
as to forget his patient’s condition. 

The Operation Itself. — An early consideration before commencing 
an operation, is the position of the patient on the table — ^for instance, if 
it is desired that the patient should be placed in the Trendelenburg 
position at rniy time it should be ascertained that the bend of the knee 
corresprads to the joint in the table, and that the necessary precautions 
have already been taken to prevent the patient slipping. 

The patient should not be anesthetized and no unnecessary exposure 
of the patient’s body should be made for atiy length of time before 
the surgeon is ready to begin his work. If tire final preparation of 
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the field of operation is done upon the table, it should be made with 
as little exposure and wetting of the patient as possible. Not mfre- 
quently 1 have seen patients placed on the operating table with nothing 
between the body and the glass or metal table but a thin sheet, and 
more frequently still with the arm hanging over the edge of the table 
in such a way that the musciilospiral nerve may be pressed upon 
sufficiently to produce a palsy. A troublesome wrist-drop, which will 
long outlast the convalescence from a simple operation, or a pneu- 
monia from exposure to cold on the operating table or during transit 
to the ward or room may result from neglect of these points. 

The welfare of a patient after an operation depends not only on 
the skill and accuracy with which the operation is done, but also on 
the means employed during the operation to conserve his strength, 
maintain the normal resisting power of liis tissues, and render his early 
hours after operation as peaceful and free from pain os possible. The 
operator who works regardless of time and the amount of anesthetic his 
patient is taking, or who pays no attention to the patient’s posture on 
the table, the protection of the parts of the body not involved in the 
field of operation,- or who uses large quantities of fluid regardless of 
whether it drains away properly or accumulates under his patient, is 
laying up for himself many postoperative complications which he who 
employs "speed without haste” and is thoughtful not only of the nper- 
ation itself, but of his patient's condition, will seldom see. I do not 
advocate a want of thoroughness in operating in order to accomplish 
the closure of the wound in a certain number of minutes, or the con- 
stant shifting of the mind from the operation itself to the patient’s 
condition, but I do mean that we should not drag an operation along 
over on unnecessarily long period, and that we should establish in our 
operating rooms a habit among our assistants and nurses of carefully 
looking after the comfort and condition of the patient. 

Another important factor in the operative technic which has a 
marked influence on the prognosis is the way the tissues are handled. 
Unnecessary instrumentation or the rough handling of tissues is a 
potent element in producing postoperative pain and in predisposing 
to suppuration. All viscera should be handled with the grealest genlle- 
ncss, and evisceration avoided whenever possible. Crile has shown 
how much all these manipulations add to, or produce, severe shock. 
The ligation of large masses of tissue, or the too tight constriction of 
tissue with sutures, produces the same results. A consideration should 
also be given to the position and extent of the incision. It should be 
such as to allow ample exposure of the part d«iired without, however, ‘ 
being unnecessarily long. Incisions which can be made in the normal 
folds of the skin tend to produce much less visible scarring than those 
which cross the normal folds. Muscular fascis and muscles should be 
divided, when practicable, in the line of their fibers, and not across 
them. Nerves of any size should always be avoided, and blood-vessels, 
if large enough to be identified, should be caught with forceps tefore 
being divided. The bleeding from the smaUer blood-vessels, which at 
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first is profuse, nearly always ceases without any special hemostasis, 
and it is better to allow it to do so than to compress large masses of 
tissue in hemostatic forceps. In most operations I believe that it is 
not advisable to ligate all vessels which require the application of 
hemostatic forceps immediately, since many of these will be entirely 
controlled by pressure from the instrument extending over a few mmutes. 
In many operations it is advisable, before making the incision, to 
control completely the circulation of the part. Where this is not 
necessary, it should not be done, as the elastic constriction which is 
sufficient to give circulatory control may produce injury, and some 
authorities claim that it is productive of reactionary bleeding. 

Most surgeons at the present time recommend an absolutely dry 
technic, and wherever possible this is advisable, especially in clean 
wounds. This means that no irrigation of the wound is done at any 
time durmg the progress of the operation unless specially indicated, and 
that the sponges which are employed are used dry. I always practise 
this dry method as far as possible. 

The use of a blood-pressure apparatus is recommended in certain 
serious operations; it gives a very clear indication as to the patient’s 
condition, and warns the operator very early in case of shock. The 
technic of the blood-pressure apparatus is considered in Vol. I. 

Drain^e. — With the completion of the operation the question of 
drainage will arise. Formerly, practically all wounds, whether clean or 
infected, were drained; the reverse of this is true at the present day, 
drainage in clean wounds being but rarely employed. Where there is 
a large wound, however, or a great deal of fat in the wound, or where a 
dead space between the tissues cannot be avoided, a small gauze drain 
or a small drainage-tube is advisable for a few days. Where any 
portion of a capsule of a tumor or a cyst-wall is not removed, drainage 
is indicated. Abdominal drainage is considered elsewhere, and the 
various kinds of drains and their methods of employment are described 
in another portion of this section. (See Yol. III., p. 714.) 

The Closure of the Wound. — As this subject is also dealt with 
in the section on Abdominal Technic (Vol. III., p. 717), it is only 
necessary here to speak of it in a general way. As far as practicable, 
as little tissue should be included in a suture as possible. Sutures 
passing through skin, muscular tissue, and fascia are to be avoided, 
as, in order to approximate the deeper structures, the suture must 
be drawn entirely too tight. Tight suturing is undoubtedly pro- 
ductive of a marked tendency to infection, as it cuts off to a con- 
siderable extent the blood-supply of the tissues, and thus reduces their 
resistance. There is no doubt that a comparatively clean wound, such 
as a lacerated wound of the scalp, which would otherwise heal by 
primary union, can be made to suppurate by tight suturing. All that 
nature requires is a gentle approximation of wound edges; more than 
this is de^mentaL The present custom of dosing wounds in layers 
has done much to reduce suppuration and increase the comfort of the 
patient. Care should be exercised to avoid the leaving of a dekd space 
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b6tw66n tissuBS, the occurrcncB of which is one of the arguments used 
against closure of wounds in layers. The superficial fascia is a structure 
which has not received the attention it deserves m the closure of wounds. 
If it is not included in the skin sutures, it should be approximated by 
a separate suture, as this does much to prevent the spreading of the 
skin-scar and disfigurement of the patient. Further points in regard 
to the use of sutures will be found under the head of Sutures and Liga- 
tures in this section. 

The skm may be approximated by Michel's metal clips, but in using 
them care should be taken not to produce too much pressure, as other- 
wise marked scarring will result. These clips require a special forceps for 
their application and removal. Fig. 226 shows the clips and the forceps. 




Fiq. 22e.^MicHEL’s CLAMt>a, Claup Appuer, and Forceps pob Removal of Clampb. 

(After Doyen.) 

a , Mieliere cIaiup; b, Doyen's automatio clamp applier " loaded " with a number of clamps; 
c, forceps for removal of clamps; d, shape of clamp when applied to the wound; c, clamp streiRlit- 
ened out by the forceps for its removal. 

Sterile adhesive plaster containing zinc oxid may- be used for approxi- 
mating the skin. 

Synchronous and Multiple Operations. — Synchronous opera- 
tions, especially in the case of amputation, are probably advisable, 
since they lessen the time that the patient is on the operating table 
and hence tend to lessen the subsequent shock. If the two operations 
cannot be done at the same time without the operators interfering with 
one another, then it is far better for ail the work to be done by one 
operator. The question of multiple operations must be decided lai^ly 
by the patient’s condition. The tendency lately has been, especially 
in abdominal surgery, to resort to multiple operations, such as gastro- 
enterostomy, cholecystectomy, and appendectomy. 'Mother the sur- 
^n is justified in doing a number of more or less dangerous operas 
tions at one time must be determined entirely by the patient’s condition, 
the neceimty for the operations, and the time required. Personally, 
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I am not indined to be very radical in this regard, especially where more 
than one incision is required. As a rule, excepting where the operator 
is one of wide experience, it is better to deal with the more serious lesion 
first and postpone the treatment of the others. No absolute rule, how- 
ever, can be laid down upon a subject such as this. 

Dressing of the Woundi — Aside from sterility, the most important 
points in the application of a dressing are that it shall give support 
to the wound and comfort to the patient. There should be no unneces- 
sary constriction of the part, nor should the bandages hold the part in 
an unnatural or constrained position: if they do, the patient is sure to 
be uncomfortable until the dressing is changed. The best dressing 
is made of dry sterile gauze. Some surgeons prefer to place some other 
material next to the wound, and at the .Tohns Hopkins Hospital silver- 
or tin-foil is used for this purpose. Where a raw surface is exposed to 
the dressing, it may be covert with strips of sterile rubber tissue with 
sufficient space left between them to allow the secretion from the wound 
surface to escape into the dressing. (For materials used for dressing 
the reader is referred to an earlier portion of this section.) 

Redressing. — If the operation has-been an aseptic one, if there is 
no drainage, and if the dressing has been properly applied at the time 
of operation, it should not be changed until the wound is entirely 
healed, or for the purpose of removing the stitches, which, how- 
ever, is ushally not done until about the seventh to the ninth day. 
The following are indications for a change of dressmg before this time: 
an excessive amount of discharge; bleeding sufficient to extend to the 
outer portion of the dressing; displacement of the dressing, which 
permits exposure of the wound; continuous pain, which is referred to 
the wound, and symptoms of infection, such as a sharp rise of tempera- 
ture accompanied by localized pain and tenderness. In many clean opera- 
tions the infection which occurs is of a mild type, and is often indicated 
only by a moderate degree of fever. Where the temperature remains 
between 99° and 100° F. for several days after an operation the question 
of infection of the wound should be carefully weighed, and the dressing 
changed for the purpose of inspection. 

POSTOPERATIVE TREATMENT. 

Among the chief complaints after operation are pain, nausea, and 
thirst. The pain, of course, varies greatly according to the site of 
operation and the indiyidutd disposition. Probably abdominal opera- 
tions produce more pain than others, but this may be only because of 
the aggravation of the discomfort caused by the' movement of the 
diaphragm, especially such excessive actions of this muscle as take place 
in retching and coughing. One of the surprising things about post- 
operative pain is that it is not more marked in certam plastic operations, 
such as hernia, repair of the perineum, etc. In all of these, however, it 
can be made very severe by too tight constriction of the wound edges. 
Too much attention cannot be given by the surgeon to the prevention 
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of pain at the critical period when quiet and deep do so much to aid a 
prompt convalescence. There was a time, not long since, when it was 
the rule of most surgeons to withhold pain-relieving drugs, such as 
morphin, after abdominal operations. To give a hypodermic of morphin 
in these cases was thought to be a great mistake, but now we have 
learned that when properly employed in the postoperative treatment 
it is a great boon both to the patient and to the surgeon. All the bad 
effects formerly attributed to this drug, such as the production of flatus, 
bad effect on the kidneys, etc., we seem now to have forgotten, or at 
least we have learned that it was our own faulty technic which produced 
much of the trouble attributed to the morphin. It was usually infection 
and not the drug that caused the trouble. It has been my invariable 
custom in abdominal operations to give a hypodermic of morphin, 
I grain, and atropin, ^ain, before the patient has recovered con- 
sciousness, and I have never in a single case observed any bad effect 
follow this method. In many cases this hypodermic is given fifteen 
or twenty mmutes before the anesthetic is started, but it is always 
given before the patient regains consciousness. The result is that the 
patient pusses from the sleep of the anesthetic to the morphin sleep, 
gets comfortably over the most distressing hours after operation, — 
those first few when ether is being eliminated by the lungs in large 
quantities and nausea and vomiting are common, — and never knows 
that morphin has been given. The idea that morphin employed in 
this way is productive of vomiting is a mistake, except it may be in a 
few patients with an idiosyncrasy to morphin. My experience in using 
morphin and atropin in abdominal cases showed vomiting to be so much 
less than in other o^rations in which it is not employed that I now use 
it in practically every operation of magnitude or long duration or those 
which I expect to' be followed by much pain. It is seldom necessary to 
give a second dose, and this I try particularly to avoid, for it is better 
not to let the patient learn the comfort of morphin. Repeated small 
doses after operation do not appeal to me, becauM the patient is apt 
to become dependent upon it. When the single full dose is given 
before the close of the anesthesia, if not disturbed, the patient will often 
sleep for from one to three hours and remain quiet for a much longer 
period. It is very important in this postoperative stage, and especially 
when the patient is recovermg from the anesthetic, to keep sympathrtic 
relatives and friends out of the room. Their presence often excites 
and greatly disturbs the patient. 

Pain developing some hours after an operation is not to be treated 
by the administration of an anodyne, but its cause should be carefully 
sought and removed. A careful and considerate nurse can do much 
to relieve such pain. Oftentimes the simple change of posture, the 
cutting of a tight bandage,' the relief of pressure on some bony promi- 
nence, straightening out the clothing, and such little attentions will 
give relief. I have seen a patient kept awake all night by pressure on 
the heisl after fracture of the leg, and by pressure on the internal condyle 
by an internal angular splint. Pain under such circumstances is 
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absolutely unnecessary, and its possible cause should always be con- 
sidered. I have known a safety-pin to be passed through the patient’s 
skin in fixing a bandage and to remain in this position for days. There- 
fore, instead of putting down the patient’s complaint of pain to nervous- 
ness or to want of pluck, we should always make sure that there is not 
some actual cause for the complaint. 

Nausea and vomiting are not nearly so troublesome after operations 
as they once were. This partly is due to the improved methods of 
administering our anesthetics, and it can be obviated to some extent by 
making the quantity of anesthetic employed as small as possilde. The 
amount of ether and chloroform administered has much to do with the 
continued vomiting after operation, and it can easily be reduced by the 
judicious use of morphin and atropm administered either before or during 
the anesthesia, or by administering chlorid of ethyl or nitrous oxid before 
the ether or chloroform. It is my invariable custom to employ chlorid 
of ethyl first, and in this way the amount of ether is reduced nearly 
one-h^f. The less ether there is for the patient to eliminate, the less 
nausea and discomfort he will have, and the less likelihood of inter- 
ference with the eliminating function of the kidneys. As I have 
indicate<l before, the use of morphin at the dose of the operation before 
the patient regains consciousness will entirely obviate or greatly reduce 
vomiting. Inhalations of vinegar have long l}een employed to reduce 
nausea, and do seem to be productive of some g(X)d. So simple a means 
as elevation of the head will often reduce the sensation of nausea, and a 
draft of water will sometimes not only not increase the nausea, but will 
reduce it. When it is possible for the patient to be placctl in the 
sitting position, nausea will frequently be relieved. This is particularly 
true after operations on the stomach itself. A drainage-tube placed in 
the abdominal cavity may produce continued reflex vomiting, which 
will cease on removal of the tul)e. In my own experience, troublesome 
vomiting is rare where a full dose of morphin is given before or during 
the operation. 

Thirst, too, is a symptom which is much leas troublesome now than 
formerly, where water was withheld for long periods after operation. 
The thirst can be largely relieved by giving large quantities of salt 
solution by the rectum. There are few operations, however, after 
which water cannot be given promptly by the mouth. If a patient is not 
nauseated, I allow him water within a few hours in quantities of an 
ounce. It has not been my experience that this is apt to start up 
vomiting. This early administration of water applies idter abdominal 
operations as after others. The giving of a considerable quantity of 
water at regular intervals is preferable to the continual sucking of ice. 
Liquid food should be given as soon as the patient has a desire for it, or 
as soon as the nausea has passed away. 

Confinement in one position, with the restriction of all movement 
after an operation, is extremdy trying to a patient, and often results 
in insomnia and nervousness. Any movement that does not directly 
interfere with the healing process of the wound should be allowed. 
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It does not hurt a properly closed abdominal wound if the patient is 
early placed upon his side, or if the shoulders are elevated or the legs 
dravm up. Wh^ a patient is very anxious to change his position and 
you are sure this change will not be comfortable, it is not a bad plan to 
allow him to try the new position, when he will he convmced of his own 
error and more contented in the position he first occupied. Too 
much care cannot be given to obtaining a comfortable attitude in bed 
after an operation. Restraint m an unnatural position gives rise to the 
greatest restlessness and discomfort. This is well illustrated in the 
tight confinement of the arm to the chest after breast operations. The 
patient is much more comfortable, the wound heals better, and there 
is less restriction of subsequent motion of the shoulder if the arm is 
dressed at a right angle to the body. 

It is sometimes desirable to keep the patient in a sitting posture, 
and various devices have been suggested for the comfortable support 



Fza. 227.— W. E. Lxi’s Support fob Maintaining thb Sitting Pqbtube. 

of the patient in this position. Figs. 227 and 228 show a frame devised by 
Dr. W. £. Lee, of the Pennsylvwia Hospital, which is placed under 
the mattress, and which I have used for a number of years in cases of 
general peritonitis with the greatest satisfaction. The ordinary 
bed-rest is entirely inadequate in these cases. 

The question of the best time to open the bowds aftw operation is 
one about which surgeons will probably always differ. Formerly, it 
was the custom of most operators to give some laxative, usually calomel, 
on the day folldwing the operation, especially in abdominal cases. 
This was due to the fact that it was thought t^t an early movement 
of the bowels usually meant that no infection of the peritoneum had 
occurred, or that such infection was not extending. The mere move- 
mmt of the bowels, however, is no criterion under such circumstances, 
and it is far better to let the intestine rest quietly after an op^tion 
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than to stir up painful peristalsis by the means of laxatives. This, of 
course, applies to cases in which a proper preparation for the operation 
has been made. A movement by a glycerin suppository or an oil or 
soapsuds enema is much more comfortable to the patient and less 
disturbing than a purgative. If nothing but liquid food is given for two 
or three days after operation, the third day is sufficiently early to open 
the bowels. 

Inability to empty the bladder is of common occurrence in the 
postoperative period, and resort to the catheter is often necessary. To 
resort to catheterization when the bladder is not painfully distended 
is a mistake, and it is far better to have the patient empty the bladder 
himself than to pass the catheter. Some surgeons even go so far as to 
aUow the patient to get out of bed for this purpose, and where it is 
possible, I believe it to be good treatment. I avoid the use of the 



Fig. 228. — Lee'b Svppoht Arkanoed for Patient. 


catheter as much as possible. When the catheter is employed, the 
greatest care should be exercised, and the catheterization done by an 
experienced orderly or nurse, or, better still, especially in men, by the 
surgeon himself. Even under the best circumstances infections of the 
urethra and bladder occur, and it is the surgeon's duty to see that all 
necessary aseptic precautions are taken to avoid these unfortunate 
complications. No nurse or orderly should ever be allowed to use a 
metd instrument. Catheterization in children is to be particularly 
avoided, as injury of the male urethra in chUdhood is easily inflicted. 
In chfldren I would much prefer to have the patient get out of bed to 
•have a catheter used. 

The time at which a patient is allowed to get out of bed varies with 
the operation which has been performed. A few rules, however, can 
easily be laid down. In the first place, old people should be got out of 
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bed as soon after operation as possible. The advantage of this is easily 
shown in Ihe present-day results from prostatectomy, where the patient 
is got out of bed on the second or third day. In abdominal operations 
on old people a change of posture and early transference from bed to 
couch or chair is very important. There has been a marked tendency 
during recent years to shorten the period which a patient spends in bed 
after an abdominal operation. After simple appendectomies many 
surgeons allow their patients to get out of bed on the following day. 
I have not been able to bring myself quite to this point, but I am 
constantly shortening the period. In clean cases where the abdominal 
wound is accurately closed and no muscle cut across its fibers, I get the 
patient out of bed on about the eighth or ninth day, with the abdomen 
well supported by a binder, and allow moving about on the tenth or 
eleventh day. In this particular I think the individual disposition of 
the patient must be taken carefully into account. There are many 
patients who arc benefited by a longer rest in bed, whereas to others, 
such as old people, and those who are inclined to magnify their ailments, 
a prolonged rest may be harmful. 

Elements which exercise considerable influence on the postoperative 
progress of patients are good air, sunlight, and good food, livery 
hospital should be properly ventilated, and as much sunlight admitted 
to the wards as possible. If a roof-garden or sun-parlor is possible, it 
is an adjunct of no little value in the postoperative treatment. 

Postoperative Complications.~Two of the most important 
complications are shock and hemorrhage. Both of these conditions 
and their treatment have been fully considered in other portions of this 
work. The same is true of pulmonary embolism, which occurs occasion- 
ally after the simplest and cleanest operation. Apoplexy sometimes occurs 
during the progress of an operation or during the postoperative period. 
No doubt if more autopsies were made on patients dying from unac- 
countable causes on the operating table, it would be discovered that 
apoplexy was occasionally responsible. Rupture of unsuspected aneur- 
isms of the aorta has occurr^ on the operating table and during the 
postoperative period. Suppression of urine is far less freejnent than it 
formerly was, and when it does occur, it is a most distressing and 
dangerous complication. The amount of urine secreted after operation 
should be carefully measured by the nurse or attendant, so that sup- 
pression may be detected as early as possible. When this condition 
does arise, it calls' for active treatment, such as the administration of 
diuretics, sweats, and sometimes the use of diluted salt solution adminis- 
tered by hypodermoclysis or intravenous injection. Of course, the 
surgeon will be" careful not to confound retention of urine with its 
suppression. Obstruction of the bowels from various pauses is a 
complication after abdominal operations which has been carefully and 
thoroughly dealt with elsewhere. Infection of the wound is ordinarily 
of rare’ occurrence unless the infection has existed prior to the per- 
formance of the operation. The- most important element in the treat- 
ment of this condition consists in thorough drainage of the wound. 



654 


SURGICAL TECHNIC. 


Fat embolism is probably frequently the cause of death, and is often 
mistaken for shock. 
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CHAPTER LXXIII. 

LIGATION OF ARTERIES IN CX>NTINUITy. 

By Warben Stone Bickham, M. D., 

NEW TOBK. 

Qencrsl Considerations. — ^The ligation of an artery signifies the 
constriction of the artery by means of a ligature for the purpose of 
controlling the circulation in that vessel. 

A ligation may be “terminal,” where the cut end of an artery is 
tied; “in continuity,” where tied in its unbroken course; “singje,” 
where but one ligation is used; “double,” where two are applied (as in 
dividing a vessel between ligatures); “immediate,” where applied 
directly to the artery proper; “intermediate,” where the ligature passes 
around more or less connective or other tissue surrounding the artery 
(as in ligation for parenchymatous hemorrhage); “permanent,” where 
applied to remain; or “temporary,” where applied for the arrest of 
circulation for a brief period. 

The indications for ligation of arteries are: wounds; aneurisms; 
hemorrhage from the main trunk near site of ligation, or from either 
the main trunk or one of its branches at a distance from the site of 
ligation; rupture of vessels; angeiomata; to control hemorrhage in 
operations (Ustal to site of ligation; to lessen the nutrition of inoperable 
tumors; to cause the atrophy of an organ by diminishing its blood 
supply. 

Preparation. — No general (constitutional) preparation is necessary 
for the smaller ligations. In the case of ligation of the larger arteries 
the systemic state of the patient should be looked after as in other 
major operations. Locally, the usual antiseptic preparation of the 
part should be carried out, the patient coming to the table with the 
ate of operation in an aseptic dressing. 

The patient should rest upon a table of proper height, and so placed 
as to bring the involved artery most conveniently and advantageously 
before the surgeon. The surgeon stands where he can best manipulate, 
which is generally on the ade of the operation, and usually cuts down- 
ward on the right and upward on the left. The assistant generally 
stands opposite the surgeon and exposes the field of operation by 
retraction or assists in the steps of the ligation. The poation of 
patient, surgeon, and asdstant will vary according to the artery oper- 
ated upon, and will be given in the individual operations. 

The trutrutnetUg generally used are the following: Esmarch bandage 
and tourniquet; scalpels, heavy and li^t; scissors, straight and curved, 
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sharp-pointed and blunt; forceps, dissecting and toothed; hemostatic 
forceps; grooved director; tenacula; retractors, various rises and shapes; 
aneurism needles, large and small, straight and laterally curved; ligature 
carrier; ligaturing and suturing material, viz.: needles, straight and 
curved, surgeon’s- and Hagedom; needle-holder; wound-hooks; drain- 
age materials (for special emergencies); special small, needles, fine silk 
and needle-holder for repairing wounds of veins; means for illu m inating 
deep wounds. 

The ligature materiaUi in general use are the following: plain catgut; 
chromicized catgut; kangaroo tendon; ox aorta; silk, plain and floss. 
For the closure of skin wounds at the termination of the operation 
silkworm-gut or silk sutures. For the ligation of smaller arteries, 
plain catgut. For medium arteries, chromic catgut. For the largest 
arteries, kangaroo tendon (flat); ox aorta (flat); chromic catgut; soft 
floss silk. 

For the satisfactory carrying out of the ligation a systematic course 
should be followed in all cases, the proper steps of which are given below, 
in order: 

Preliminarg control of the circulation is indicated in some ligations. 
In ligating the arteries of the head, neck, and tnmk no attempt is usually 
made to control the circulation by any means of pressure. In the 
limbs, also, it is rarely absolutely necessary. But where its use is 
preferred — and the satisfaction of operating in a dry field is unques- 
tionable — the limb is first elevated, the soft parts massaged toward the 
trunk, and the tourniquet of Esmarch (without the previous use of the 
Esmarch rubber bandage) is applied around the limb, as high up as 
indicated. The sacrifice of the guiding pulsation (necessitated by the 
use of any form of constrictor) is counterbalanced by the dryness of 
the field, especially in prolonged and difficult operations. 

The line of the artery is determined in advance of any operative 
step, and is based upon a knowledge of the anatomy of the part. A 
knowledge of the chief variations in the course of the arteries should 
riso be possessed. Acquaintance! with the line of the special artery 
is on absolute prerequisite, a correct line, properly followed, leading 
directly and expeditiously to the goal of the operation; an incorrect 
line, once taken, often plunging the operator into unnecessary difficulties 
from the start, frequently requiring loss of time, retracing of steps, 
unnecessary injury to the structures, and the regaining of the right 
path finally after considerable and humOiating bungling. This line 
of the artery may be previously marked out upon the body with a steril- 
ized dermographic pencil (or nitrate of silver stain), but such marking 
is generally unnecessary. The line of the artery is frequently modified 
by the position of the limb and in such cases a constant porition 
should be understood to apply in speaking of such arteries (for instance, 
the liite of the brachial artery is one thing if the arm be l}dng out supine 
at a right an^e to .the body, and another if resting on its inner border, 
parrilel with the thorax). On the other band, no change in the porition 
of the foot causra a change in the line of the dorsalis pedis. The line 
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of an artery often coincides so nearly with muscular or tendinous 
landmarks that these landmarks are frequently given instead of the 
line itself. For instance, one may speak of ligating the brachial artery 
by incising along a line ei^tending from the junction of the anterior 
and middle thirds of the outer axillary boundary, to the middle of 
the bend of the elbow, the arm being at a right angle to the body and 
on its extensor surface; or one may also speak of ligating this artery by 
incising along the inner border of the coracobrachialis muscle above 
and the biceps below. It is well to know both the commonly accepted 
‘‘line” and the natural muscular or other markings. The former is 
usually the more accurate guide to the vessel, especially in the early 
stage of the operation (for instance, in the above case the brachial 
artery is often considerably overlapped by the biceps in a well-developed 
subject), though the latter are the natural boundaries which generally 
have to be encountered and manipulated before finally reaching the 
artery. In other cases the line bears no relation whatever to external 
muscular or tendinous elevations or furrows and in such cases the 
line alone has to be blindly followed in the early part of the operation . 
as a guide to the course of the artery (as in the casg of the upper portion 
of the ulnar artery). 

Incision.— The incision for the exposure of the artery is the first 
step in the technic of the operation, upon the proper placing of which 
the ease of the subsequent steps largely depends. 

Position and Direction of the Incision , — In the great majority of 
cases the line of incision coincides with the line of the artery from the 
beginning to the end of the operation, superficially and in the deeper 
layers (as in the ligation of the popliteal artery in the raidtlle of the 
popliteal space), and should be so placed as to have its center over the 
site of ligation. In other cases the line of incision will follow a muscular 
marking, even if at a slight variance with the recognized “line of artery” 
(c. g.f in ligating the common carotid above the omohyoid the incision 
is made parallel with the inner margin of the sternomastoid, which in 
muscular and well-developed necks is known to overlap and to lie 
slightly to the inner side of the artery. In other cases the incision 
follows neither the line of the artery nor the muscular marking, but lies 
in a course parallel with both line of artery and muscular fibers, and is 
so placed as to reach the vessel most advantageously and with least 
damage to neighboring structures (e. g., ligation of the posterior tibial 
artery in the middle of the leg). In other cases the incision Inay 
coincide with the line of artery, but cross an overlying muscle at a 
right angle (e, g,f ligation of the lingual artery beneath the hyoglossus 
muscle). In stiU other cases the incision may cross the course of the 
artery at a right angle (e. g., ligation of the external iliac extraperi- 
toneally by an incision parallel with Poupart’s ligament). 

(1) Superficial Incision , — Having chosen the line of incision as free 
from superficial vessels and nerves as circumstances permit, steady the 
area of incision by means of the left thumb and forefinger, which, by 
their separation, put the parts under slight tension and give room for 
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the knife cut between them. Grasp the scalpel in the “pen position” 
for finer, more limited cuts, and in the "dmner-knife position” for 
heavier, longer cuts. Enter the point of the scalpel at a right angle 
to the skin surface, traverse the line of incision with the knife-handle at 
about 45 degrees, and withdraw the knife with the point of the blade 
again at a ri^t angle with the surface, thereby cutting to equal depth 
throughout. This incision should pass through skin and superficial 
fascia and, while not unnecessarily long, should be amply long enough 
to enable subsequent manipulations to carried on without injury to 
the structures. The length of the incision should rather be determined 
by the depth of the artery and the nature of the parts to be encountered 
than by any attempt to remember an arbitrary length of incision for 
each artery. The deep fascia is similarly divided in the original line, 
avoiding, where possible, superficial vessels and especially nerves. 

(2) Deep Ineision . — Having passed through all overlying fascia 
in the superficial incision, the muscle and tendinous landmarks now 
come to both si^t and touch. Generally no further cutting is necessary, 
the rest of the approach and exposure of the artery being accomplished 
by blunt dissection. In by far the majority of cases arteries are hence- 
forth reached by following down between muscular planes, it being 
very rare that muscle-fibers are separated and rarer still that muscles 
are cut transversely. At this stage of the operation the muscular or 
tendinous boundaries are recognized and followed to the known position 
of the artery, the intermuscular planes being separated by the handle 
of the scrdpel rather than by the blade, and this separation being 
carried out to correspond with the length of the superficial wound. 
The three best means of recognizing intermuscular planes in the order 
of their reliability are: the sense of touch of the tip of the left index- 
finger (which flexion of the limb may assist); the following down of the 
intermuscular branches of the artery; the white fascial or yellow fatty 
so-called “line” in the intermuscular spaces. It is of great importance 
to recognize the proper intermuscular space at the start, as once in 
a wrong intermuscular interval, one may wander on indefinitely, 
completely off the track, missing the artery and doing much damage 
to the parts. Good retraction should be freely used at this stage and 
muscles and tendons should be drawn to their proper sides (flexing the 
limb often aiding considerably in this retraction). Important vessels, 
nerves, and other structures should be guarded during this separation 
of the parts, and, when in the way, should be displaced to the more 
convenient side of the operation field, always remembering that nerves 
are the most important structures to be safeguarded in the great 
majority of cases. If an Esmarch have not been used, the wound is 
kept comparatively dry by frequent sponging of the field with dry 
gauze wipes. 

The exposure of the artery now follows. Having gotten down to 
the refpon of muscles and tendons, these should be clearly identified 
and the artery sought by its known relation to these structures. The 
muscles and tendons are the rallying points in the depth of the wound. 
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Three structures outwardly more or less amilar in appearance and 
often in sensation are to be distinguished: arteries are recognised by 
their known course; their pulsation^ where no proximal constriction 
is used; their swelling proximally when compressed distally (where no 
constrictor is used) ; their firm, round, resisting, elastic, cord-like feeling ; 
their peculiar sensation when compressed between the ^gers, presenting 
a central depression and two lateral elevated ridges; their thicker walls; 
their rubber-tube-like feeling when touched, and tendency to ^ide from 
beneath the fingers; the force required to compress them; their regular 
outline; their pinkish or pinkish-yellow color. Of these means of 
reco^ition, pulsation is the conclusive test, provided there can be 
eliminated all possibility of error caused by pulsation transmitted 
through contact (as a vein or a nerve made to rise and fall by an artery 
beating beneath or to one side of it). Veins arc recognized by not 
pulsating (where no Esmarch is used); by having thinner coats; by 
swelling toward the periphery when compressed centrally (no con- 
strictor being used); by being softer and less resisting to the touch; 
by the flat, ribbon-like feeling throughout their whole width when 
compressed between the fingers; by their purplish color; by their wavy, 
irregular contour; by their accompanying the arteries in many regions 
in pairs or companion veins; by their larger tize than the corresponding 
arteries; by the ease with which they are compressed. It may be 
mentioned here, in connection with the companion veins, that two 
venas comites arc to be found accompanpng all arteries below the 
axilla; all arteries below the knee; most of the small and medium-sized 
arteries of the trunk; and that the arteries of the head and neck are 
accompanied by single veins. These veins generally run on either 
side of the artery, communicating across the artery at frequent intervals, 
gener^ly lying in front of and behind the artery when the intermuscular 
plane enclosing the artery lies anteroposteriorly, and usually lying to 
the right and left of the artery when the intermuscular plane runs 
transversely. Nerves are distinguished by their known poation; their 
white color; their round contour; unyielding consistency and non- 
compressibility; their appearance of being made up of parallel bundles; 
their swelling neither proximally, like arteries, nor peripherally, like 
veins, when compressed (no constrictor being used). 

Opening the sheath next follows. Having identified this structure 
and brought it well within the field, its wall is to be opened and the 
contained artery exposed for the purpose of clearing a path for the 
aneurism needle (Fig. 230). Only the main vessels have a distinct 
sheath of connective tissue, and the larger the artery the more distinct 
the sheath. In some cases the accompanying vein and nerve are 
included in a common sheath, together with the artery, the sheath being 
composed of more of less condensed connective tissue. The smaller 
arteries are surrounded by a less distinct layer of areolar tissue, generally 
not demonstrable as a sheath- The sheath should be opened at least 
1.3 cm. (4 in.) from any branch. Wth a pair of findy pointed 
forceps pick up the sheath where it is denred to pass the ligature, and 
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in such a way as to raise the sheath in a fold parallel with the long axis 
of the vessel (Fig. 229, B). Let the forceps pick up the sheath upon its 
anterior aspect, but slightly to one side of the median lon^tudinal 
line, thereby leaving space to incise the sheath exactly in the middle 
line. After grasping the sheath shift the forceps gently up and down 
to see that the sheath held in the bite of the forceps glides over the 
contained vessel, proving thereby that no part of the artery itself is 
picked up. This longitudinal fold of the sheath, while held by the 
forceps and lifted up from the artery, is incised in the long axis of the 
artery for a distance of about 6 to 8 mm. (i to | inch) (the shorter the 
distance of separation of the sheath the better to preserve the vasa 
vasorum),the flat surface of the knife beingtumedto the artery (Fig. 229, 
C) . As soon as the incision is made in the sheath, a gap appears between 



the wall of the artery and the wall of the sheath (Fig. 229, D). The 
hold of the forceps upon the wall of the sheath should be retained, not 
being relaxed after once grasping the fold of sheath. In ligating smaller 
arteries which have no well-defined sheath the vessel is simply freed 
of all visible connective tissue. (This axial division of the sheath of the 
artery is preferable to the transverse division so often advised.) 

The artery is now cleared for the passage of the ligature. A path 
for the passage of the ligature between the outer wall of the artery and 
the inner wall of the sheath is now to be made, and the best instrument 
with which to make it is the dull, flat end of a curved aneurism needle. 
Having retained the ori^al hold of the forceps upon the sheath (Fig. 230, 
B), inrinuate the end of the needle between this wall of the sheath and 
the artery, and while drawing this lip of the sheath gently away from 
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the artery carefully work the point of the needle around one-half of the 
circumference of the artery, in the connective-tissue plane between 
artery and sheath, by a combination of forward movement on the part 
of the tip of the needle, with a side-to-side movement on the part of 
the lateral margins of the curved tip over a distance of from 6 to 8 mm. 
— i to i inch (Fig. 230, C). Having thus cleared a path aroiuid half the 
vessd and still holding the tip of the needle in the path already cleared, 
the forceps for the first time relinquish their hold on the lip of the 
sheath originally grasped, and grasps the opposite lip of the sheath and 
similarly draws this part of the sheath away from the artery (Fig. 230, D), 
at the same time also similarly working the point of the needle onward 
and from side to side, until it clears a path completely around the 



Fio. 230 .— Lioatiok o» Abtbkt: Cucabiwo thb Abtbbt. 

A, A. Retiwition of adjacent muaoles; B, foreep* gmepinB nwrer lip of 
needle clearing arteiy in its pamiain between sheath and D, forceps Hiwpmg further lip ot 

eheath; £« aneurism needle emerging between artery and further lip of sheath. 


artery and appears between the vessel and the further lip of the sheath 
(Fig. 230, E). Throughout this entire maneuver the handle of the 
needle is held approximately at a right angle to the vessel, and the tip 
of the needle hugs the wall of the artery, especially working under its 
deepest part, particularly where a common sheath contains other 
structures, and thereby is prevented from penetrating the sheath and 
injuring the vessels, nerves, or viscera beyond. 

The ligature is next passed. Once a passage has cleared 
between the artery and sheath, the aneurism needle readily traverses 
it, so that as soon as the needle has appeared on the further side of the 
artery it is withdrawn. The needle is now threaded and carefully 
passed between the vessel and sheath, through the previously cleared 
way, following precisely the same course and carrying out the same 
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steps, first opening the entrance to the passage by drayring the sheath 
away with forceps, then hug^g the vessel in making the circuit, and 
finally emerging on the opposite side between the vessel and the further 
lip of the sheath, which the forceps have now grasped and drawn away 
(Hg. 231) . An aneurism needle may be passed with a fine silk ligature- 
loop as a carrier, and through this “carrier” the proper ligature may be 
threaded and drawn back. There is no fixed rule for the direction in 
which the needle should be passed in each case; the rule should be that 
the needle is to be passed from the more important structures toward 
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Fio. 231. — ^LiaATioN of an Artsbt. (Psaaing the ligature and tying the knot.) 

A, A, Retraction of neighboring parta; B, aneurism needle carrying limture beneath artefy; 
C, tenaculum drawing one end of limture under artery, while aneurism needle ia being withdrawn; 
O, tying the knot; F, retracting lip ox sheath. 

» Fiu. 232. — Knot Ubbo in Liqatinq Mbdium and Larob Artbrieb. 

E, Two turns of a friction-knot followed by a reef-knot, constituting a surgeon’s knot. 

the least important, or from the structures more difficult to avoid toward 
those more easily avoided. Therefore the needle may enter the sheath 
in the reverse order to that in which it has been freed from the artery, 
or vice versa, as seems safest and eaidest. Having passed the needle 
completely aroimd the vessel, until its threaded eye protrudes on the 
opposite side, grasp one of the threads of the looped ligature with 
forceps or tenaculum and, while thus held, carefully withdraw the 
needle, fdlowing the curve of the artery (Pig. 231, B, C). Thus a sin^ 
thread is left beneath the vessel, an end coming out between the artery 
,and sheath on either side. . Some surgerms pass the needle unthreaded 
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and thread the eye on the opposite side, then, holding one arm of the 
ligature with forceps, withdraw the needle, with the same result. There 
is no objection to this method in simple cases where the artery is accessi- 
ble and the threading easily done with the needle in aUu (as in the lower 
third of the radial), but it should not be attempted in a region where 
the exposure is difficult (as in the retroperitoneal ligation of the common 
iliac). Such an instrument as the Cleaveland needle (ligature carrier) 
is preferred to the common aneurism needle by some, the instrument, 
being passed under the artery empty, grasps the ligature on the opposite 
side and draws back one end under the vessel. In arteries too small 


to have sheaths the ligature is simply carried under and around the 
artery, which has been freed of all connective tissue, the general method 
being the same as just described. 


Tying the Knot. — ^The largest 
arteries arc most safely and satis- 
factoiily tied with the “stay-knot” 
of Ballance and Edmunds. The 
stay-knot of these surgeons is 
made by conducting two or more 
bundles of soft floss silk or two or 
more pieces of kangaroo tendon, 
catgut, silkworm-gut, or plain silk 
around the artery, parallel with 
each other and side by side; the 
first hitch of a reef-knot is then tied 
in each bundle, so that two or more 
knots lie side by side, the force to 
tic them having been sufficient to 
closely approximate the inner and 
middle coats of the artery and 
completely stop the flow, but with- 
out rupturing these coats (fig. 233, 
A, and fig. 234). A friction-knot 
is even safer than the first hitch 



Fxo. 233.'-Flobh4ilk Stat>knot of Ballancs 

AM1> Ki>MUN1>B. 


of a reef-knot as the prelimin- 


A, First Btaae; B, Becond stafo. 


ary step, especially in tying the 

larger vessels. After t 3 ring these at first lightly, they are both taken 
up together and gently tightened simultaneously. The two or more 
ends of the bundles are then taken up on the one side and the two or 
more ends of the other bundles on the opposite side, the several bundles 
on each side now being regarded as one, and these two bundles are 
tied in a single knot, after the manner of the second step of a reef-knot 
(Fig. 233, B). Thus a knot is formed, the first part of which will not slip 
while the second is being tied (which is apt to be the case in large 
arteries, especially if they be pulsating at the time, thus allowing the 
establishment of a small stream of blood). By this method a broad 


compression and approximation of the arterial coats will be accom- 
plished, which will add strength to the site of ligation against secondary 
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hemorrhage. This simple approximation is sufficient to excite endothe- 
lial proliferation and union of the opposed surfaces. It is hard to draw 
such a ligature tight enough to rupture the inner coats. An artery 
with its two inner coats ruptured by ligation has only the strength of 
its outer coat to withstand the strain of the circulation until the sec- 
ondary phenomena take place, which permanently strengthen the site, 
prior to which secondary hemorrhage may occur. Several parallel 
strands of smaller size chromic catgut led under the artery by a carrier 
are sometimes used, thus securing width for the ligature and the con- 
sequent distribution of pressure. All medium-sized arteries should be 
tied with a surgeon’s knot (a friction-knot followed by the second step 


of the reef-knot) (Fig. 232, E). All small arteries are safely tied with 



the reef-knot alone. In making tension 
upon the ends of the ligature special care 
should be taken not to lift the artery out of 
its sheath. To avoid this the tips of the 
right and left forefingers should come to- 



gether, end to end, directly upon the knot 
in the act of being tied, and the tightening 
should be done by putting the terminal and 
middle knuckles of the index-hngers in ap- 
position, back to back, and using them as 



Fin. 234. — The Stay-knot of Fio. 236.-— Showing the Pleating ok the Goats 

Hallancb anu Edmunds; ofaLxoatbd AutbryinCrobs-bbction. (Modi- 

Showino the Fibbt Stef fied from BaUance and Edmunds.) 

OF Tying Three Kangaroo- 
tendon Ligatures. 


fulcra (Fig. 231, D). The thumbs may be similarly used instead of the 
forefingers. It is a disputed point as to how much tension should be 
used in tightening the ligature. It may be said that it is best to ti^ten 
the ligature upon all large vessels sufficiently thoroughly to approximate 
their inner w^ in pleats, thereby completely closing the lumen without 
rupturing the two inner coats (Fig. 235). The same holds true of all 
diseased vessels, independently of their size. All medium vessels may 
be similarly ligated. The smaller arteries generally have their ligatures 
tightened sufficiently to rupture their inner and middle coats. A 
tightening almost sufficient to sever ail coats, especially when using silk, 
is distinctly to be avoided. Secondary hemorrhage seems less frequent 
and the strength of the vessel greater when the vessels are only con- 
stricted enough to closely approximate the two inner coats without 
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causing their rupture. All knots should be cut comparatively short. 
A round ligature tightly drawn will rupture the inner coats. A broad 
ligature wUl do so far less readily. 

The Closure of the Wounds. — Where a large, well-marked slieath 
has been opened in exposing the artery, although not absolutely neces- 


sary, it is well to unite the edges of , 
the sheath by one or two fine catgut ' 
sutures. Where any muscle tissue 
has been incised in order to reach 
the artery it is usually best to re- 
pair the divided muscle tissue by a 
catgut suture passed through the lips 
of the muscle wound, which suture 
becomes buried in the final steps of 
the operation. Where deep inter- 
muscular planes have been opened 
up and dead spaces are apt to be 
left, it is advisable to put in a few 
buried catgut sutures through the 
muscle tissue, drawing together the 
muscles into their normal inter- 
muscular cleavage line. Where no 
muscle has been w^oundcd, and in 
the final step of those cases where 
muscle has been incised and sutured, 
complete closure of the wound is ac- 
complished by a line of interrupted 
silkworm-gut sutures, the suturing 
being materially aided by putting 
the wound on the stretch by a 
wound-hook in either end (Fig. 
236). No form of drainage is used 
in clean cases. A simple gauze and 
cotton dressing, held in place by a 
bandage, completes the dressing. 

The after-treatment is simple 
in the ligation of the smaller arteries. 
Where a large artery is ligated a 
splint should be incorporated in the 
dressing where feasible, in order to 
control all movement of this part. 

In the case of the main artery of the 



Fio. 236 .— Illdstbatiko thb Mankier ok 
SUTUHINU THB WOOND, THE EpGBfl OK 
WHICH ABB Put upon the Stretch by 
W oCND-HOOXE AT ElTHBB EnD. 

Intemipted autuiEs are ?hown at one end. 
and continuouB eutunng at the other. 


limb, the limb should be incased in 

cotton, and artificial warmth should be applied in addition until the 
new circulation is established. The limb is elevated in bed to favor 
venous return. The skin sutures are removed from the fifth to the 


seventh day, according to circumstances. A rest in bed of from two to 
four weeks is required in the ligation of the larger arteries. 
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The local results of ligation consist of the obliteration of the artery 
at the site of hgation and of the establishment of a new (collateral) 
circulation. * 
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The following observations may be made in conclusion: (o) Where 
it is difficult or impossible to separate one or more veins from the artery, 
the artery and vein or veins may be included in the one ligature. (6) 
Especial care should be taken to avoid the inclusion of the smallest 
nerve in the ligature, (c) When a large vein is wounded, the wound 
should be at once closed by lateral ligature or by suturing, preferably 
the former. If this be not feasible, the vein should be ligated. All 
medium and small veins should be ligated if wounded. If the ligation 
of the artery can be accomplished without the likelihood of again 
wounding the vein, it should be completed at the original site. If there 
be danger of further complication, a new site should be chosen just 
above or below the one originally selected, (d) It is held by some 
that secondary hemorrhage is less likely if an artery be ligated in two 
places, from 2.5 to 5 cm, (1-2 inches) apart, and then divided between 
these two ligatures, allowing each end to retract, upon the principle 
that the arteries of the body are constantly under longitudinal tension 
and, when ligated in continuity (especially where the inner coats are 
severed), there are present the conditions calculated to predispose 
to secondary hemorrhage. Practical experience seems to have borne 
out the claim of the double ligature with division, but the operation 
is not alwajrs feasible, especially in the deeper, larger vessels, (e) All 
ligature material should be made thoroughly pliable before being used. 

LIGATION OF SPECIAL ARTERIES. 

Ligation of the Innominate Artery.— The innominate is ligated 
for aneurism of the right carotid and subclavian, and of the innominate 
itself. 

Several methods of exposing the artery are in use, of which those 
given below are the chief. Comparatively speaking, the choice of ap- 
proach would be given to non-division of muscles, with retraction 
the oblique incision thus being preferable to the angular one — ^where 
these incisions promise sufficient room for manipulation. Where more 
room is necessary, especially from abnormal displacement of the parts 
(as from aneurism), the angular incision or the methods of partial 
resection give more space for the safe carrying-out of the necessary 
steps; and of these latter the method of partial resection of the right 
aspect of the manubrioclavicular region is applicable to cases where 
a more limited sacrifice of bone will suffice; and Bardenheuer’s operation, 
or splitting of the manubrium, where the maximum space is required. 
The innominate has also been less satisfactorily ligated through a large 
trephine opening made in the manubrium stemi, after turning back a 
flap of soft parts. 

The chief source of failure is secondary hemorrhage- The common 
carotid and vertebrid arteries should, therefore, be also tied, being 
the main sources through which the recurrent flow occurs. 

The free section of muscles leaves, by their retraction, a deep gap 
at the root of the neck for infection and slow filling up. As much re- 
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pairing of cut muscle tissue as possible by suturing should, conse- 
quently, be done in completing the operation. Provision for drainage 
should Iw made where much oozing is occurring, and temporary drainage 
is probably better in all cases. 

Kangaroo-tendon and floss-silk are the best materials for ligatures. 
Artificial illumination is desirable in the deeper planes of the operation. 
The line of the artery runs, approximately, from the center of the 
manubrium to the center of the right sternoclavicular joint. 

The chief causes of death after operation are: secondary hemorrhage, 
cellulitis, pneumonia, and pericarditis. 

Ligation of the Innominate Artery by an Angular Incision 
(Hott’s Operation). — ^The patient lies supine, with chest raised, head 



Fig. 238. — Ligation of the Innominate Anteky by an Angulab Incision; also of the Right 
Common Cabotid below the Omohyoid, and of the Vebtehbal near Its Origin. 

A, A, Platysma; B, B, B, B. steraomastoid; C, C, stemo^oid; D, sternothyroid; E, innomi- 
nate artery bifureatins into subclavian and common carotid; F, internal jugular vein; G, pneumo- 
gastrio nerve; H, vertebral arteiy; I, traehea; J, thyroid gland; K, riidit steraoolavicular articulation. 

backward, and to opposite ride. The surgeon is to the outer side of 
the shoulder. His assistant stands opposite. 

The landmarks are the clavicle, stemomastoid muscle, and sterno- 
clavicular joint. 

The incision is >-shaped. The horizontal portion of the incision 
is made along the upper margin of the inner third of the clavicle for a 
distance of about 7.5 cm. (3 in.). The oblique portion (meeting the 
horizontal at an acute an^e) is made along the anterior mai^ of the 
stemomastoid, for about 7.5 cm. (3 in.) (^. 237, A). 

Having incised the skin and superficial fascia, the triangular flap 
thus outlined is dissected upward (Fig. 238). Cut the sternal and 
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clavicular attachments of the sternomastoid as far as exposed. The 
sternohyoid and sternothyroid muscles are also cut or are nicked and 
drawn well inward. Expose and double ligate the anterior jugular 
vein and divide it between its two ligatures as it lies between the 
sternomastoid; and also the right inferior thyroid vein. Divide the 
deep cervical fascia along the ori^al lines of the incision, thus exposing 
the common carotid. Open its sheath and follow it to its origin, 
avoiding the recurrent larynpal nerve. Thus guided to the innominate, 
clear its trunk — with especial care on the outer side of the pneumo- 



Fid, 230. — Ligation of Tnnominath by Obliqub Incihion; Also of Right Common Carotid 
BELOW Omohyoid; Vertebral near Origin; and Inferior Thyroid near Origin. 

A, Platysma; B, stemomastoid retracted outward and downward; C, right Htemoclaviouiar 
rticulatiou; E, manubrium atemi; F, omohyoid; G, aternoiiyoid; H, stoniothyruid; I, thyroid 
land; J. innominate artery dividing into common carotid and Bubclayian: L, interior thyroid; M, 
ertebral; N, rigiit innominate vein, witli Bubciavian and internal jumlar; O, pneiimogBBtnc; 
F, recurrent laryngeal; R, nerveB from loop between communicana and deBcendene liypogloBBi; 8, 
Buperhcial cervical nerves. 

gastric nerve, right innominate vein, and pleura — and pass the needle 
from these structures. 

Ligation of the Innominate by an Oblique Incision.— The 
position of the patient and operators, as well as the landmarks of the 
operation, are the same as for Mott's exposure just ^ven. 

The incision begins at the junction of the middle and lower thirds 
of the anterior border of the right sternomastoid muscle, passes down 
riong the lower third of its anterior margin, and thence sweeps over 
the upper edge of the - epistemal notch onto the manubrium sterni 
(Kg. 237, B, B). 
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Incise the skin, superficial fascia, platysma, and deep fascia (Fig. 239). 
Tie the anterior jugular vein between two ligatures; also ligate the trans- 
verse branch between the two anterior jugulars if in the way. Draw 
the stemomastoid outward, and, if necessary, its inner, stem^ portion 
may be divided. Draw inward the sternohyoid and sternothyroid 
muscles, dividing, if need be, the sternal attachments in whole or in 
part. Incise the deep cervical fascia over the carotid sheath. Open 
the sheath and follow the common carotid behind the sternoclavicular 
articulation to the subclavian and to the innominate, guarding the 
recurrent laryngeal nerve behind the common carotid sheath. Ldgate 
the right inferior thyroid vein. Clear the innominate artery, avoiding 
the left innominate vein in front, the right pleura behind, and the 
right pneumogastric nerve, right innominate vein, and right pleura to 
the right. By the separation and retraction of the muscles here de- 
scribed less damage is done to the parts and less of a cavity is left than 
after the operation by angular incision. 

Ligation of the Innominate by Partial Bony Resection through 
Transverse and Vertical Incisions (Bardenheuer’s Operation). — 
The following parts are excised through a combined transverse and 
vertical incision; the right and left sternoclavicular articidations, the 
sternal ends of right and left first ribs, the sternal end of the right 
second rib, and the upper 2.5 cm. (1 in.) of the manubrium, thus 
exposing the innominate. 

The position of the principals in the operation are as in Mott's 
operation, given above. 

The landmarks are the suprasternal notch and manubrium, the 
sternal ends of the clavicles, and the inferior mar^ of the thyroid 
cartilage. 

The parts are approached through a double inciEnon. The transverse 
incision passes along the upper border of the sternum and over the 
surface of the inner thirds of both clavicles. The vertical incision 
extends from the lower border of the larynx down the median line, 
and well on to the manubrium stemi (Fig. 237, D, D). 

Carry both incisions through the skin and superficial and deep fascia. 
In the transverse incision divide the stemomastoid, stemohyoids, and 
stemothyroids. Subperiosteally resect (with Gi^ saw, rongeur, bone- 
cutting forceps, or chisel) the inner extremities of the left clavicle and 
the left first rib for about 1.3 cm. (^ in.) of their extent. Having made 
this exposure of the upper and outer portion of the manubrium upon 
its left aspect, free, through this approach, the posterior surface 
of the manubrium subperiosteally. The manubrium is then cut 
transversely throu^ at a level about 2.5 cm. (1 in.) below its upper 
border, the division being accomplished, preferably, by a Gigli saw 
conducted beneath the bone, between it and the periosteum. The 
sternal ends of the right clavicle and the right first and second ribs, 
after having been well cleared, are divided close to the outer margin 
of the sternum, in the same manner as the manubrium was dividi^. 
The mass of bone detached by the above cuts is now removed. The 
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periosteum is then incised in the median line, the inferior thyroid veins 
ligated, the left innominate vein depressed, the right innominate vein 
retracted, the right pneumogastric nerve and pleura guarded on the 
outer side and behind, the innominate artery cleared, and the ligature 
passed from the pleura and the pneumogastric. 

Ligation of the Innominate by Splitting the Manubrium Sterni. 
—The manubrium is exposed by a transverse inciidon, divided trans- 
versely at its junction with the ^adiolus, then split vertically at its 
center, followed by the separation of the two halves of the manubrium 
and the exposure of the innominate. Upon completing the operation 
the bony parts are returned to their normal positions, with or with- 
out suturing of the edges of the vertically divided manubrium into 
apposition. 

The patient is supine, with shoulders raised and neck prominent. 
The surgeon is upon the right side, the assistant opporitc. 

The landmarks are: the sternoclavicular articulations; lower border 
of manubrium (marked by the line extending transversely across 
between the articulations of the second ribs). 

The site is reached through a curved transverse incision, passing 
from the inner third of the anterior surface of one clavicle to the inner 
third of the anterior surface of the opposite clavicle, and passing down 
over the manubrium to the junction of its upper and middle thirds 
(Fig. 237, E). 

Having incised the skin, fascia, and anterior borders of the platysma 
down to the l)one, clamp and tie all bleeding vessels. Free the manu- 
brium subporiosteally over its anterior surface downward to the junction 
of the manubrium and ^adiolus, and upward to its superior border. 
Follow the superior border backward and downward along its posterior 
aspect, also freeing the surface subperiostetdly as far as the junction of 
the manubrium and (^adiolus. Retract the overlying soft parts on the 
anterior aspect of the manubrium and divide the sternum along the 
manubriogladiolar junction, accomplishing the division with a Gigli 
saw, if one can be conducted across beneath the bone, or by Imne- 
cutting forceps. Through the opening thus made by the transverse 
division carry a Gi^i saw from the center of the lower border of the 
divided manubrium to the center of the suprastemd notch, and divide 
the manubrium vertically in its center, cutting from the manubrio- 
(d&diolar junction upward toward the free superior border, the Gi^ 
saw traveling between the posterior surface of the manubrium in 
front and its periosteum posteriorly. After the completion of the 
Vertical section retract the two halves of the manubrium laterally, incise 
the posterior periosteum, ligate the inferior thyroid veins, depress the 
left innominate vdn, retract the right innominate vein, guard the right 
pneumogastric and pleura externally and poeterioriy, clear the iimomi- 
nal», and pass the ligature from the pleura and pneumogastric.^ Whore 
it is wished to suture together the vertical borders of the split manu- 
brium, at the end of the operation, two or three h<des should be drilled 
on each ade as .so<m as the manubrium has been exposed anteriorly 
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and posteriorly and before its division, the soft parts below being pro- 
tected by some thin, flat met^lic instrument during the drilling. 

Ligirtion of the Common Carotid.— The indications for ligation 
of the common carotids are wounds of the vessels themselves and of 
the branches of the external and internal carotids; distal and proximal 
aneurisms; distal angeiomata; as a temporary ligature; to limit the 
growth of inoperable tumors; to control hemorrhage from areas supplied 
by distal branches. 

The line of the artery (with the head turned moderately to the 
opposite side and upward) extends from the sternoclavicular articula- 
tion to a point midway between the angle of the jaw and the tip of the 



Fxa. 240.-<^LxaATiON or Right Common Carotid Abovb Omohyoid. 

A, A, Platyisnia; B. steraomaHtoid (retracted outward); C, omohyoid (retracted downward); 
D, Btemothyroid: E, common carotid (its sheath incised above omohyoid); F, Htemomastoid arteiy; 
G, iDternat jugiilar vein; H* superior thyroid vein; . 1. inferior thyroid vein; J, communicating 
vein between anterior and external jugular; K. one of transversalis colli nerves; L, nerves from 
loop between descendens and communicans hypogiossi. 

mastoid process, that portion of this line between the sternoclavicular 
articulation and the level of the upper border of the thryoid cartilage 
representing the common carotid. The course of the artery would be 
more accurately represented by a line from the clavicle a little external 
to the sternoclavicular articulation. The anterior margin of the stemo* 
mastoid muscle overlaps the carotid throughout. The omohyoid muscle 
crosses the carotid opposite and directly over Ghassaignac's “carotid 
tubercle” (the costal process of the sixth cervical vertebra), which is 
about 6.3 cm. (2^ in.) above the clavicle. 

The common carotid may be ligated above the omohyoid, which 
constitutes the place of election, or below the omohyoid, where the 
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depth of the artery and the nature of the relations makes the operation 
more difficult and more fatal (Fig. 237. F and G). 

Ligation of the Common Carotid Above the Omohyoid Muscle.— 
The patinet is supine, with shoulders elevated, neck prominent, and 
chin upward and to opposite side. The surgeon stands on the side of 
the operation or on the right for both sides. 

The landmarks for the vessel are the anterior border of the stemo- 
mastoid and the cricoid cartilage. 

The incision is about 7.5 cm. (3 in.) in length, with its center at 
the level of the cricoid cartilage, and lying in the line of the artery. 



Fia. 241. — Croab-bsction or thb Nxck at thjd Lsvel ok the Bbvemth CebvicaLi Vertbbka. 

(Modified from Broune.) 

A, A, Scaleni muscles; B, B, siernocleidamastotd muscles; C. C, sternohyoid and sternothyroid 
muscle^ D, common carotid arteries and internal jugular veins; B, £| vertebral arteries and 
veins; F, F, inferior thyroid arteries and veins. 

Incise the skin, superficial fascia, and platysma. The superficial 
veins connecting the anterior and external jugulars, and sometimes 
intercommunicating veins between the fascial and anterior jugular, 
as well as cutaneous nerves, are encountered (Fig. 240). Divide the 
deep fascia along the anterior border of the sternomastoid and open 
up the cellular tissue. The upper border of the omohyoid is here 
exposed, either by direct incision or by following up the anterior border 
of the sternomastoid. 

&ving identified the intersection of the sternomastoid and omo- 
hyoid, the omohyoid is retracted downward (or may be divided if in 
vpL. 4r— 43 


674 


UGATION OF ARTKRIBS. 


the way) , and the stemomastoid outward. Flexing the chin aids during 
these manipulations by relaxing the parts. The common carotid is 
now located as it crosses the carotid tubercle (v. s.) Clear the sheath 
of the artery, avoiding or tying the stemomastoid artery and the 
superior and middle thyroid veins. Carefully incise the sheath, ap- 
proaching from the inner side to avoid the descendens hypoglossi nerve 
(which is generally upon the antero-exteraal aspect of the sheath) 
and the internal jugular vein, and see that the artery is freed from its 
sheath in its entire circumference (Fig. 241). Pass the needle from the 
internal jugular and pneumogastric nerve. 

Ligation of the Common Carotid Below the Omohyoid Muscle. — 
The position and landmarks are the same as in the above operation. 

An incision, about 7.6 cm. (.3 in.) in length, is made in the line 
of the artery, from just below the cricoid cartilage to just above the 
sternoclavicular articulation (Fig. 237, G). 

Incise the skin, superficial fascia, and platysma. Here arc en- 
countered the superficial veins between the facial and anterior and 
external jugular veins and the cutaneous cervical nerves. Divide the 
deep fascia along the anterior border of the stemomastoid. Kxpose 
the inner border of this muscle, flexing the head to relax the parts. 
The sternohyoid is then exposed and sometimes the underlying sterno- 
thyroid. The omohyoid is, ordinarily, not brought into the field of 
operation. These muscles, if encountered, are retracted in their respec- 
tive directions, or may be divided as far as necessary. Tie the inferior 
thyroid veins. The sheath of the vessel is to be exposed as, and with 
the precautions, mentioned in the above operation. The recurrent 
laryngeal nerve and the inferior thyroid artery are to be especially 
guarded in operating at this site. 

The ligation of the common carotid is more difiScult on the left side, 
owing to the nearness of the internal jugular vein. 

The common carotid may be temporarily ligated, where it is necessary 
to control bleeding in the Md supplied by the vessel or its branches. 
This is best accomplished by pasring a ligature-loop of floss silk beneath 
the artery, by means of which the vessel is gently lifted forward when 
it is desired to stop the flow, the ligature being withdrawn at the end 
of the operation. 

Ligation of the External Carotid Artery.— The indications for 
ligation are: wounds and aneurism of the main tmnk and branches, 
hemorrhage from the areas supplied by the branches, as a palliative 
in malignant growths, as a preliminary to operations in the general 
area of supply, and aneurism by anastomosis in the region of the 
tranks. 

The line of the external carotid is the same as the line ^ven for the ' 
upper part of the common carotid (p. 672). 

The external carotid may be liga^ in two sites: below the digastric 
(between the superior thyroid and lingual branches), the place of elec- 
tion, where the operation is easier and more branches are thus controlled ; 
above the digastric, where the operation is more difficult and more apt 
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to involve branches of the facial nerve. The digastric muscle crosses 
the artery about 3.2 cm. (li in.) above its origin, opposite the upper 
border of the thyroid cartilage. The lingual artery arises opposite the 
great cornu of the hyoid bone. (Fig. 237, H and 1.) 

The external carotid may be distinguished from the internal carotid 
by the presence of its branches and by being to the inner side of the 
external carotid. The ligation of the external carotid is now generally 
done where formerly the common carotid was ligated for conditions 
of the former vessel and its branches— the practicability and desir- 
ability of the operation having been demonstrated by the work of 



Fio. 242.— Lioation of Rioiit Exteimal Camwo Below 

r!Aum<tn t4tiP«!nion THVBniU. LinGUAL. FaVIALi AND OCCXPITAI., NKAR UUIOrN. 



occipital; P, internal jugular vein; Q, lingual and facial veins emptying i 
superior thyroid vein; S. hypoglonesu nerve; T, deeoendena noni nerve. 


Ligation of the External Carotid Artery Below the Digastric 
Muscle. — ^The position of the principids in the operation is as for the 
ligation of the common carotid (p. 673). 

The landmarks are the stemomastoid muscle, thyroid cartilage, 

and an^e of the jaw. _ l . • 

The incifflon is about 7.6 cm. (3 in.), extending along the anterior 
border of the stemomastoid or slightly in front of the border, from the 
level of the middle of the thyroid cartilage to near the angle of the 
jaw (Fig. 237, H). „ 

Incise the skin, superficial fascia, and platysma (Rg. 242). Tie 
any veins which may lie in the lin^ of the incision. Divide the deep 
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fascia and expose the anterior border of the stemomastoid and draw 
it outward. Find the posterior belly of the digastric at the upper an^e 
of the wound. Next, locate the h}rpoglossal nerve, crossing the external 
carotid below the origin of the occipital artery. Locate the rip of the 
great cornu of the hyoid bone, opposite which the lingual artery arises. 
Having fixed the location of these three structures, and avoiding the 
superior thyroid, facial, and lingual veins, expose the artery opposite 
the tip of the great cornu of the hyoid. Clear the sheath and pass the 
ligature between the superior thyroid and lingual branches, guarding 
the descendens hypoglossi nerve in front and the superior laryngeal 
nerve passing behind the artery, directing the needle from the internal 
carotid. The operation is not an easy one and it is often difficult to 
recognize the branches. Jacobson advises the simultaneous ligation 
of the superior thyroid, the lingual, and, if possible, the ascending 
pharyngeal branches, on account of secondary hemorrhage* 

Ligation of the External Carotid Above the Digastric Muscle. — 
The position of the patient and operator is as for the ligation of the 
common carotid (p. 67.3). 

The landmarks are the line of the artery (page 672) and the ramus 
of the inferior maxilla. 

The incision extends from the tragus of the ear to below the angle 
of the inferior maxilla, placed just behind the ramus of the jaw, in the 
line of the artery (Fig. 237, 1). 

Incise the skin and superficial fascia. Avoid or doubly ligate and 
incise the tributaries of the external jugular and facial veins. Divide 
the deep fascia. Expose the anterior border of the stemomastoid and 
retract outward. Expose the posterior belly of the digastric and stylo- 
hyoid and draw downward, partially or entirely dividing them, if nec- 
essary. Avoid the branches of the facial nerve. Expose the parotid 
gland and draw upward and forward, thus exposing the vessel. Clear 
the artery and open its sheath, and pass the ligature around the artery 
prior to its entrance into the substance of the parotid gland. Repair 
by suturing whatever may have been incised. 

Ligation of the Lingual Branch of the External Carotid.— 
The lingual is usually ligated in connection with operations upon the 
tongue. 

The first portion of the lingual lies between the external carotid 
and the hyoglossus muscle, the second portion lies under the hyoglossus, 
and the third portion extends beyond the hyoglossus. The artery 
is generally ligated in its first or second parts; of these, the second 
part is preferable. 

Ligation of the Second Part of the Lingual Beneath the Hyo* 
glossus. — ^The patient is supine, with shoulders raised, neck prominent, 
head to opposite side, and chin upward. The surgeon is on the side of 
the operation, cutting from before backward on the right, and vice 
versA. 

The landmarks ore the lower border of the inferior maxilla, the 
faml artery crossing the inferior maxilla, and the hyoid bone. 
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The incision is curved, beginning just below and external to the 
symphysis menti, and ending just below and internal to the crossing 
of the facial artery over the inferior maxilla, its center being just above 
the greater cornu of the hyoid bone (Fig. 237, L). 

Incise the skin, superficial fascia, platysraa, and deep fascia. Avoid 
or ligate the^ tributaries of the facial, anterior jugular, or temporo- 
maxillary veins. Incise the transverse cervical fascia over the sub- 
maxillary gland, exposing the gland and retracting it upward, out of its 
bed, over the margin of the lower jaw (Fig. 243). Incise transversely 
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Fia. 243. — Ligation of Right Lingual Artery Beneath IIyomlorsuh. 

A« A, Platyama; B, tranaveiBa cervical fatwia over eubmaxillary fcland; C, defip iranevenHa 
eeivical ffweia under submaxillaiy gland; D, nubmaxillaiy gland; £, hyoid bone; F. anterior l>eUy 
of mgastnc; G, mtorior belly of digantrio; H.atylohyoid; J, mylohyoid: J. hvogloeeus; K, omohyoid; 
Lf, thyrohyoid; u, lingwl artery seen througii incieion in hyoglofutue; N, eubinentat artery; O, trib* 
utary of tetn^rotnaxillaiy vein; P, tributary of anterior jugular vein; (j, ranine vein; Rptrann- 
veme cervical nerve; S, superior laiyufceal nerve and vessels; T, hypoipossus nerve. 

the deep cervical fascia, exposing the submaxillary /^and by lifting it 
out of its bed, and identify the mylohyoid muscle in the anterior aspect 
of the wound. Expose the two bellies of the digastric, and firmly 
retract them downward at their poin^ of attachment to the hyoid bone, 
which steadies the parts and rendera the hyoglosaus more prominent. 
Clear the surface of the hyo^ossus and identify the hypoglossal nerve 
crossing its anterior aspect. The ranine vein crosses the same surface 
just bdow and parallel with the nerve and at about the same level 
us the artery lies on the opposite nde of the muscle. Retract both 
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the hypoglossal nerve and the ranine vein upward. Divide the hyo- 
glossus transversely for about 1.3 cm. in.) just above and parallel 
with the hyoid bone. This incision falls just over the artery, which 
generally bulges into the opening as soon as it is made, or through which 
it is easily reached. Having isolated the artery, trace it backward 
until the dorsalis lingua) branch is reached, so that the ligature may be 
placed upon its proximal side. Having passed the ligature, replace 
the subraaxillary gland and close the wound. Before completing 
the operation the fascia of the submaxillary gland may be sutured over 
it, and the incision in the hyoglossus may be repaired by suturing, if 
either be considered indicated. 

Ligation of the Faciai Branch of the External Carotid. — 

The indications for ligation of the facial are wounds and aneurism. 
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Fig. 244. — Ligation of Right Facial Ovbr Border ok Inferior Maxii.la. 

A, Cervical fascia; B, platysma; C, deep cervical fascia; D, submaxillary gland; E, mylohyoid 
muscle; F, inferior maxilla; G, inasseter muscle; H, depressor auguli oris; 1, facial artery; J, facial 
vein; K, submental artery; L, supramaxillary nerve. 

The usual site for ligation is along the line where the vessel crosses 
the inferior maxilla. It may also be ligated near its origin. 

Ligation of the Facial Artery Over the Inferior Maxillary.— 
The patient is supine, with shoulders raised and the head thrown back- 
ward to the opposite side. The surgeon stands upon the side of the 
operation or on the right for both operations. 

The landmarks ate the anterior margin of the masseter muscle 
and the horizontal portion of the inferior maxilla. 

The Incision, about 2.5 cm. (f in.) in length, is placed along and 
under cover of the lower border of the lower jaw, with its center over 
the course of the artery (at the anterior margin of the masseter muscle) 
(Fig. 237, M). 

Incise the skin, superficial fascia, platysma, and deep fascia, when 
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the artery should come into view, with the facial vein just posterior 
to it. Avoid branches of the facial nerve (Fig. 244). Pass the ligature 
from the vein. 

Ligation of the Occipital Branch of the External Carotid.- 

Ihe indications for ligation are w'ounds, aneurism of the scalp, and 
hemorrhage from abscess. 

The artery may l)e ligated behind the mastoid process (the more 
usual position) or near its origin, according to the site of lesion requiring 
ligature. 

Ligation of the Occipital Branch of the External Carotid 
Behind the Mastoid Process. — ^The patient is supine, with shoulders 
and head elevated, and head turned well to the opposite side (or the 
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Pig. 245. — ^Ligation or Lbft Occipitai. Artery Bbiiini> Mahtoii> Pkockmh. 

A. Posterior rarvical foHcia; D, trapeiiue muncle; C, Hternomaetoid; D, hplenius capitin; E, 
tmchciomaHtoid; F, oocipital arteiy ana venw coinites, lyinff upon conjpiexufi nmacle; Q, great 
occipital nerve; H, leaser occipital nerve; I, posterior external jugular vein, 

patient rests slightly to one side). The surgeon stands tiehind the 
head on the side of the operation. 

The landmarks are the mastoid process and the external occipital 
protuberance. 

The incision is about 5 cm. (2 in.) in length, beginning from the 
tip of the mastoid process and extending toward the external occipital 
protuberance (Fig, 237, N). 

Having incised the skin and fascia, divide the posterior half of the 
stemomastoid and its strong aponeuroris, then the splenius capitis, 
next, as many fibers of the trachelomastoid as are in the way (Fig, 245). 
Relax and retract the muscles by turning the head to the side of the 
operation. Expose the artery deep down between the mastoid process 
of the temporal and the transverse process of the atlas, resting upon the 
superior oblique and complexus muscles. Having separated from it 
the accompanying veins, and having guarded tiie vein from the mastoid 
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foramen, the ligature is passed. The lesser occipital nerve runs on the 
posterior surface of the stemomastoid, near its posterior border, and 
the great occipital nerve pierces the trapezius muscle near its outer 
border. 

Ligation of the Temporal Branch of the External Carotid 
Artery.— The indications for ligation are wounds and aneurism. 

The main trunk may be ligated just above the root of the zygoma. 
The anterior and posterior branches may be ligated about 3.8 to 5 cm. 
(1^-2 in.) above the zygoma. 

Ligation of the Temporal Artery Just Above the Zygoma.— 

The patient lies supine, with shoulders raised and head to the opposite 
side. The surgeon stands on the side of the operation, cutting from 
above downward on the right, and vice vers&, or stands on the right side 

for both operations, cutting from 



above downward. 

The landmarks are the tragus 
of the ear, the condyle of the jaw, 
and the zygoma. 

The incision is vertical, about 
2.5 to 3.8 cm. (I-I 2 in.) in length, 
over the line of the artery, with its 
center over the zygoma and ex- 
tending downward in the interval 
between the tragus of the ear and 
the condyle of the lower jaw (Fig. 
237, 0). 

Incise the skin and dense sub- 


Fig. 246.-’Liuation of Right Temporal Jubt 
Ahove Zygoma. 

A, Tempoml artery, with ite anterior 
and p^erior bifurcations, and itu tranHverae 
facial, middle temporal, and anterior auricular 
branenee; D, temporal vein, with branches 
corrcHponding to tnoee of artery; C, temporal 
bmnehea of auriculotemporal nerve: D, branch 
of temporofacial diviaion of facial nerve; £, 
temporal fascia. 


cutaneous tissue and parotid fascia, 
when the artery will be exposed 
lying quite superficial, as it crosses 
the zygoma. Avoid the accom- 
panying vein posteriorly, also avoid 
the branches of the temporofacial 
division of the facial nerve and the 


auriculotemporal nerve (Fig. 246). The needle is passed without diffi- 
culty, as the vessel is quite superficial. 

Ligation of the Middle Meningeal Artery in the Cranium.— 

The indication for the ligation of this vessel is intracranial hemorrhage. 

The common trunk may be tied or the anterior or posterior branches, 
as indicated (Fig. 237, P, Q, R). The point of bifurcation is generally 
given by anatomists as corresponding, (»i the exterior of the skull, 
with a point 3.8 cm. (1^ in.) behind the external angular process' 
of the frontal bone, and 3.8 to 4.5 cm. (1^-1} in.) above the zygoma. 
The anterior branch runs in a groove on the great ala of the sphenmd 
and the anterior inferior angle of the parietal. The posterior branch 
crosses the squamous portion of the temporal and then enters the 
groove on the posterior inferior angle of the parietal bone. In the 
young these measurements are less. 
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The following practical anatomic points may be summarized: That 
no parts of the middle meningeal artery or its anterior or posterior 
branches have fixed relations, except the main trunk at its exit from 
the foramen spinosum and the anterior branch where it crosses the 
sphenoparietal suture to reach the antero-inferior angle of the parietal. 
That the common trunk is generally present. That the anterior branch 
may be given off from the orbital branch of the lacrymal branch of 
the ophthalmic. That a tendency to symmetry exists upon the two 
sides of the skull, but is not constant. That the anterior branch runs 
through a bony canal in the anterior inferior angle of the parietal bone 
in the majority of cases. 

Ligation of the Main Trunk of the Middle Meningeal Artery 
in the Cranium through a Trephine Opening Exposed by a Curved 
Oblique Incision. — ^The patient is supine, with the head supported, 
shaved, and turned to the opposite side. The surgeon stands on the 
side of the operation. 

The landmarks are the following: a point is selected as the center 
of the trephine opening which will fall over the trunk of the artery 
proximal to its bifurcation, and which is taken to be about 3.8 cm. 
(1^ in.) behind the external angular process of the frontal bone and 
2.5 cm. (1 in.) above the zygoma. 

The incision begins at the external angular process of the frontal 
bone, passes obliquely downward and backward to the posterior end 
of the zygoma, and from this point upward and backward above the 
auricle (Fig. 237, P). 

Having incised the skin and temporal fascia, ligate the superficial 
temporal artery and' vein, guarding the auriculotemporal nerve and 
branches of the facial (Fig. 247). Then carry the incision along the 
posterior border of the temporal muscle through the periosteum to the 
bone. Detach the temporal muscle forward subperiostcally, baring 
parts of the squamous, parietal, and sphenoid bones, guarding the 
deep temporal arteries. Firmly retract the soft parts thus freed 
upward and forward. Using a trephine of a diameter of about 3.8 cm. 
(li in.), place its center over a point about 3.8 cm. (IJ in.) behind 
the external angular process and 2.5 cm. (1 in.) above the zygoma. 
Having removed the disk of bone (which is here thin) expose the 
the artery, and pass the needle carefully to avoid wounding the brain. 
In completing the operation the disk of bone may be replaced or not, 
according to the individual ideas of the surgeon. Allow the periosteum 
and soft parts to reoccupy their normal positions. Suture the mar^ns 
of the severed periosteum with buried catgut. Repair, by gut suturing, 
any muscle tissue which may have been cut, and close the skin incision. 

The following comments may be made: This incision of Kocher, 
together with the subsequent retraction of the soft parts, involves 
less injury to the parts than the turning downward or upward of a 
semilunar or horseshoe flap, which is the method of approach most 
frequently adopted. According to the researches of Plummer, the 
ost^plastic flap operation of Hartley-Krause furnishes the best method 
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of exposing the main trunk of the middle meningeal artery and its 
branches. If the above trephine opening expose the artery incon- 
veniently near the circumference, the opening may be enlarged in the 
direction of the artery with rongeur forceps. 

The anterior branch of the middle meningeal artery may be 
exposed by selecting a point for the center of the trephine opening 
which will fall over the anterior branch just beyond the bifurcation of 
the main trunk, which is taken to be about 3.8 cm. (IJ in.) behind the 
external angular process of the frontal bone, and from 3.8 cm. to 4.5 
cm. (li-li in.) above the zygoma. 



Via. 247.~Ljqation ok Trunk of Right Meningbal through Trephine Opening in 1'empoual 
Fohha by Curved Oblique Incision. 

A, TemMral muscle (its posterior border retrected upward and forward); ft. zygomatic arch, 
and t-empond fossa just above; G, main trunk and anterior and posterior branches of middle men- 
ingeal, exposed throufi^ trephine opening (which is here shown somewhat too high); D, deep 
temporal artery; K, superficial temporal artery and vein; F, auriculotemporal nerve (retracted 
backward); Q, branches of facial nerve (retracted downward and backward). 

The posterior branch of the middle meningeal artery may be 
exposed through a trephine opening, the center of which will fall over 
the posterior branch in the groove of the parietal bone, and is taken 
to be at the intersection of a line drawn horizontally backward on a 
level with the roof of the orbit, and one drawn vertically upward from 
directly behind the mastoid process, which point of intersection lies 
just bdow the parietal eminence (Jacobson). 

Esther branch may also be exposed through an osteoplastic flap 
method. 

Ligation of the Internal Carotid Artery.— The indications 
for ligation of the internal carotid are wounds and aneurisms, and 
when ligated the vessel is exposed near its origin. The line of the 
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artery is practically the same as that of the external carotid, or possibly 
a little to the outer side of that line at its lower part. 

The incision lies slightly posterior to the incision for the external 
carotid artery, that is, along the anterior border of the stemomastoid, 
instead of just in front of it, with the center of the incision about 1.3 cm. 
(i in.) above the upper border of the thyroid cartilage (Fig. 237, S). 

The steps of the operation are at first the same as those for exposing 
the external carotid below the digastric. The artery (external carotid) 
is first sought (all the structures mentioned in that operation, page 675, 
being encountered) and traced to its bifurcation, and thus the internal 
carotid is exposed, the external carotid being drawn inward and the 
digastric upward. In opening the sheath special care must be taken 
to guard the internal jugular vein, pneumogastric nerve, cervical sym- 
pathetic, and ascending phar 3 nngeal artery, the needle being passed 
from the vagus and internal jugular vein (Fig. 242, L). 

Ligation of the Subclavian Artery.— The chief indications for 
ligation of this artery are wounds, aneurisms, and as a preliminary 
step for the control of hemorrhage in extensive operations about the 
shoulder and upper extremity. 

But few successful cases of ligation of the first portion of the right 
subclavian are recorded, and fewer of the left, the ligation being par- 
ticularly hazardous, especially upon the latter side. Nor is ligation 
of the second portion to be recommended, owing to the depth an<l 
relations of the artery. The third portion is the part of the artery 
usually selected for ligature (Fig. 237, T). Ligation of the first portion 
of the subclavian differs slightly upon the two sides, owing to the 
anatomic relations. 

The course of the artery is represented by a curve, with convexity 
upward, at the base of the posterior triangle of tlie neck, beginning at 
the sternoclavicular articulation and ending at the center of the inferior 
border of the clavicle, its midpoint being about 1.3 (i in.) above the 
superior border of the clavicle. 

Ligation of the First Portion of the Right Subclavian by an 
Angular Incision. — ^The position of the principals, the landmarks, 
and the incision are the same as for the ligation of the innominate by 
an angular incision. 

Having incised the skin and superficial fascia, this triangular flap 
is dissected, as in ligation of the innominate. The anterior jugular 
vein is doubly ligated and divided, and the external jugular similarly 
treated, if in the way. Divide the deep fascia and expose and sever 
the sternal and clavicular heads of the stemomastoid. Divide the 
sternohyoid and sternothyroid either in whole or in part. Expose the 
common carotid, carefully retracting the internal jugular vein and 
pneumogastric nerve outward and displacing or doubly ligating any 
overlsring veins. Identify the subclavian vein by following down the 
common carotid on its postero-extemal aspect to the bifurcation. 
Clear the subclavian artery, carefully guarding the recurrent lar 3 mgeal 
and phrenic nerves and vertebral artery. Displace the pleura down- 
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ward and outward with the tip of the finger, and pass the needle from 
below (from the pleura). The vertebral should also be secured at the 
same time and through the same incision, to accomplish which the 
internal jugular and pneumogastric nerve are now retracted inward 
and the vertebral exposed by a few strokes of the knife as it lies between 
the longus colli and scalenus, guarding the phrenic and recurrent 
larynge^ .nerves and the inferior thyroid artery. When required by 
the circumstances, the right sternoclavicular articulation may be excised, 
as in the operation of the ligation of the innominate by partial bony 
resection. 

Ligation of the First Portion of the Left Subclavian by an 
Angular Incision. — ^The steps of the operation are similar to those 
for the ligation of the first portion of the right subclavian, up to the 
exposure of the common carotid and internal jugular. Here the 
common carotid and pneumogastric are retracted inward, the internal 
jugular is drawn outward'and downward, and, with it, the left innomi- 
nate vein. At this stage the heail is bent forward to relax the parts. 
Special care is here given to identifying the thoracic duct before pro- 
ceeding, the duct arching from the seventh cervical vertebra forward 
and downward over the subclavian artery in front of the scalenus 
onticus, and emptying into the left subclavian vein at the junction 
with it of the left internal jugular, being imbedded in the loose areolar 
tissue of the part, making it often difficult to find and sometimes dividing 
into several branches. Having safeguarded the important neighboring 
structures, follow down the common carotid with the finger until the 
subclavian is identified, on a plane posterior and external to that of 
the former vessel. The artery is then to be freed, carefully guarding 
the pleura, the sheath is opened, and the needle passed from the pleura. 
If more room be required than given by the above incision, or if it be 
required to ligate the vessel nearer the arch, an excision of the sterno- 
clavicular articulation can be made. 

Ligation of the Third Portion of the Subclavian.-— The patient 
is supine, with shoulders raised, head thrown back and to opposite side, 
and the operated shoulder depressed by the arm drawn downward 
and placed under the back (to open out the posterior cervical triangle). 
The surgeon stands in front of the shoulder. 

The landmarks are the posterior border of the stemomastoid (which 
corresponds with the outer border of the scalenus anticus), the anterior 
border of the trapezius, and the middle of the clavicle. 

After having drawn the skin of the posterior cervical trian^e down 
over the clavicle with the left hand, an incision about 7.5 cin. (3 in.) 
is made transversely over the clavicle down to the bone, from the 
posterior border of the stemomastoid to the anterior border of the 
trapezius, and with its center about 2.5 cm. (1 in.) internal to the 
center of the superior border of the clavicle (Kg. 237, T). 

This incision will divide the skin, fascia, plastysma, some supra* 
clavicular nerves, and may be a connecting vein between the cephalic 
and internal jugular, but will avoid the external jugular, which passM 
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through the deep fascia above the clavicle. The incision will lie about 
2.5 cm. (4 in.) above the clavicle when the tension upon the skin is 
relaxed (Fig. 248). The margins of the stemomastoid and trapezius 
will be exposed and, if more room be needed, may be divided along 
the clavicle as far as necessary. The deep cervical fascia is next incised, 
the external jugular vein being carefully exposed and retracted, or 
divided between double ligatures. Tributary veins of the external 
jugular are to be similarly treated, especially the transversalis e<)lli 
and suprascapular. Generally the transversalis colli artery lies trans- 
versely above the incision, and the suprascapular transversely below it, 
under the clavicle and out of the way, but one or both may present 



Fia. 248 .— Ligation ok Third Pabt ok Right Subclavian. 

A, Platysraa; 

E, pOHterior bnily i 

IranHversaiis colli arusiy; »» supmwapuiar omw-t.-.. - j,. 

jugular vein (divided and retracted), with transverHalw colli vein and ™7J*,**I 

anterior jugular; lower end of external jugular (ivided and retracted), with Huprawapiilar 
branch; M, brachiai plexus; N, N, N, supraclavicular nervce; 0, deep cervical fascia. 


in the field, and are to be carefully preserved for collateral^ circulation. 
Retract the posterior belly of the omohyoid upward if in the way. 
Identify the outer margin of the scalenus just under the outer margin 
of the stemomastoid as a guide to the artery, and follow its outer bordOi* 
downward until the finger reaches the tubercle on the upper border 
of the first rib, which lies between the subclavian vein in front and the 
subclavian arteiy behind, when the artery will be recognized and may 
be traced upward. Sxpose the lowest cord of the brachial plexus for 
the purpose of henceforth avoiding it (as it has been mistaken and 
ligated for the artery). The subclavian vein will lie anteriorly and 
inferiorly to the artery. Open the sheath, clear the artery, and pass 
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the needle from the brachial plexus, guarding the subclavian vein 
and the pleura. 

Ligation of the Vertebral Artery.— The artery is ligated for 
wounds, traumatic aneurisms, and in connection with the ligation of 
the innominate artery (in order to prevent secondary hemorrhage). 

The most usual site of ligation is in the first or cervical portion, 
being but rarely tied in the third or occipital portion. , 

The patient is supine, with shoulders raised, neck prominent, and 
head to opposite side. The surgeon stands to the right in operating 
upon either vertebral. 

The landmark of the operation is the anterior border of the stemo- 
mastoid. 

The incision is about 7.5 cm. (3 in.) in length, extending along 
the anterior border of the stemomastoid, ending below at the clavicle 
(as for the ligation of the common carotid below the omohyoid). 

Divide the skin, superficial fascia, and anterior portion of the 
platysma, when branches of the superficial cervical nerve, and com- 
municating veins between the anterior and external jugular veins, are 
encountered, and are to be treated as indicated. Incise the deep 
cervical fascia, exposing the anterior border of the stemomastoid, 
which is to be drawn outward ; and the omohyoid, which is to be retracted 
downward and inward; and also the sternohyoid, which is drawn 
inward. Having freed the attachment of the inner aspect of the 
common sheath, the carotid, internal jugular, and pneumogastric are 
drawn outward from over the vertebral artery. The prevertebral 
fascia is then incised vertically between the carotid tubercle (transverse 
process of the sixth cervical vertebra) and the arch of the inferior 
thyroid artery (where it turns inwanl to the posterior surface of the 
thyroid gland), where the vertebral artery will be found ascending, 
partly covered by the longus colli, to the foramen in the transverse 
process of the sixth cervical vertebra, having the anterior scalenus 
muscle and phrenic nerve to its outer side and the longus coUi muscle 
and reciurent laryngeal nerve to its inner side, and the inferior thyroid 
artery and vein and the vertebral vein l 3 ring over it. All these struc- 
tures, therefore, are to be displaced in the most convenient directions, 
as the finger seeks the vertebral artery in the above triangular space. 
The pleura lies below and internally. The thoracic duct, on the left, 
crossed the artery from within outward. The artery is to be exposed, 
and the ligature passed with especial care, in order to avoid, as far as 
possible, the fibers of the sympathetic, some of which are apt to be 
included in the ligature (Fig. 238, H). 

The vertebral may aim be ligated by an incision made along the 
posterior border of the stemomastoid, followed by the inward retraction 
of that muscle (with or without a partial division of its clavicular 
attachment), but is a less simple operation than the above technic. 
The artery may also be ligated in the suboccipital triangle. 

Usation of the Internal Mammary Branch of the Subclavian 
Artery.— This vessel is but rarely ligated, except for woumb, whm 
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it is usually ligated at the site of injury. If the artery has retracted 
out of reach, it is ligated in the interspace above or below. 

The artery is most readily reached in the first, second, or third 
interspace, especially in the second. 

Ligation of the Internal Hanunary in the Second Intercostal 
Interspace. — The patient is supine, with the chest supported from 
behind (to increase the width of the intercostal spaces). 

The landmarks are the outer border of the sternum, the lower border 
of the second, and the upper border of the third costal cartilages. 

The incision is transverse in direction and about 6.3 cm. (2i in.) in 
length, beginning over the center of the sternum and passing outward 
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Fia. 249.— Liqation or Right Inthrnal Mammart in Sxcond Intkrcohtal Spa(». 

A, Pectoralia major; B, external intercoatal muacle, continued to atenium by anlcnor inter- 
cpatal inombraue; C, internal intercostd muacle; D, margin of atemum; E, endoihoracic faacia; 
F, pleura; G, internal mammary artery and yens comitea. 

over the center of the interspace tetween the second and third costal 
cartilages (Fig. 237, V). 

Divide the skin, fascia, pectoralis major, anterior intercostal mem- 
brane (running downward and inward), internal intercostal muscle 
(running downward and outward), and the endothoracic fascia, when 
the artery will be found lying upon the pleura, with the vense comites 
to either side. Separate the artery, and pass the needle with especial 
care to avoid the pleura (Fig. 249). 

Ligation of the Axillary Artery.— The chief indications for 
ligation are wounds, aneurisms, and for hemorrhage in inoperable 
axillary growths. 

The artery is ligated in its third part by preference, and in its first 
part if the third part be not available. Ligation of the third part of 
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the subclavian is usually considered preferable to that of the first 
portion of the axillary (Figs. 250, C, and 237, W). 

The line of the vessel is represented, when the arm is at a right 
angle to the trunk and the hand supine, by a line extending from the 
middle of the clavicle to the junction of the. anterior and middle thirds 
of the outer axillary wall, between the anterior and posterior folds 
of the axilla. It is to be remembered that when the arm is at a right 
an^e with the body the axillary vein is drawn across the first part of 
the artery. 

Ligation of the First Part of the Axillary Artery by a Curved 
Transverse Incision Below the Clavicle. — ^The patient lies upon the 
back, at the edge of the table, with the upper thorax raised and the 



Fig. 260.— Incihionb for Ligating Right Axillary and Brachial Akterier. 

A, Junction of anterior and middle thirds of outer axillary wall; D. center of bend of elbow; G, liga- 
tion of third part of axillaiy; D, of braqbial in middle of arm; £, of brachial at bend of dbow. 


shoulder backward. The surgeon stands near the thorax on the left 
for the operation of the left ride, and near the head on the right for the. 
operation of the right ride, or between the abducted limb and the body 
on either side. 

The landmarks are the clavicle, the sternoclavicular articulation, 
and the coracoid process. 

A curved incision is made in the infraclavicular fossa, be^nning 
just external to the sternoclavicular joint, dipping at its lowest point 
about 1.3 cm. in.) below the clavicle, and ending at the coracoid 
process (Fig. 237, W). 

Incise the skin, platysma, supraclavicular nerves, and fascia. 
Carefully guard the cephalic vein and branches of the acronual thoracio 
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artery at the outer part of the wound on account of the collateriJ 
circulation. Divide the clavicular origin of the pectoralis major 
throughout the wound. Clear the areolar tissue beneath the pectoralis 
major. Expose the upper border of the pectoralis minor and draw it 
downward. Divide obliquely downward and outward, near the coracoid 
process, the costocoracoid membrane, through which pass the cephalic 



Via, 261.— LioAnoN OF Thibd Part OF Right Axillabt. 

A, Gomcobnobialis (nBtraot^ outward); B, tw7bni%1aj venw conuteu; 

axillaiy artery; F. baeilic vein, beoominn axillay v«n after wc^mg two 
Q, right brachud vena comoe; t, median nerve; J. internal cutoneous nerve, a. ia, uiim 


vein, branches of the acromiothoracic artery, and the anterior thoracic 
nerves, and displace it upward and outward. The cephalic vein, in ica 
tinjf the position of the axillary vein, is generaUy closdy 
the costocoracoid membrane. Expose the sheath ^d ® 
which lies between the axillary v«n on the inner side and the brae 
plexus on the outer, aided in the exposure by bmgmg the sot nww 
the body, when the axillary vein will be carried from over the a ry 

VOL. v— 44 
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to its inner side. The ligature is placed above the acromiothoracic 
branch. The incised pectoralis major muscle is closed by gut-suturing. 
This is the easiest and most frequent ligation of the first portion in the 
rare cases in which a ligation at this site is done. The first part may 
also be exposed by an oblique incision in the groove between the 
pectoralis major and the deltoid. 

Ligation of the Third Portion of the Axillary Artery^— The 

patient is supine at the edge of the table, with shoulders raised and 
arm at a right angle with the body and slightly rotated outward. The 



Fio. 252. — Crobb-bection of Right Arm at the Axillary Level. 

A. Axillary artery and vein; B, ulnar nerve; C, muBculoHpiral nerve; D. median nerve: E, internal 
outaneouH nerve: F. muiioulocutaneouB nerve; Q, coracobrachiaUa muscle; U. bioms; l.jpectoralis 
major muscle and biceps tendon ; J, deltoid; K, triceps; L, latissimus doni. (Modified from Esmarch.) 


surgmn stands between the arm and the chest on either side. The 
axilla is shaved. 

The landmarks are the junction of the anterior and middle thirds 
of the external axUlary wall and the coracobrachialis. 

An incision is made about 7.5 cm. (3 in.) in length, befpnning at 
the middle of the outlet of the axilla, at the junction of the anterior 
and middle thirds of its outer wall, and passing downward dong the 
inner border of the coracobrachialis (Fig. 250, C). 

Having incised the integument and fascia, expose the inper Ixndet 
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of the cotacobrachialis (Fig. 251). Draw this muscle and musculo- 
cutaneous nerve outward. The median nerve is exposed and also 
drawn outward. The internal cutaneous and ulnar nerves are drawn 
inward. Ven® comites are generally present at the lower part of the 
axilla, and sometimes the basilic vein, which have to be guarded. Again, 
the axillary vein alone may be present to the inner side of the artery 
(Pig. 252). Pass the needle from the vein, ligating the artery as far 
from a large branch as possible. 


Ligation of the Brachial 
Artery. — ^The indications for 
ligation are wounds and' trau- 
matic aneurisms. 

The sites of ligation are the 
middle of the arm (preferably) 
and at the bend of the elbow. 

The line of the artery (with 
the arm extended and abducted 
and hand supine) from the 
junction of the anterior and 
middle thirds of the outer wall 
of the axilla to the center of the 
Ijend of the elbow (Fig. 250, 
A and B). 

Ligation of the Brachial 
Artery in the Middle of the 
Arm. — ^The limb is extended 
and abducted vrith the hand 
supine. The surgeon stands 
to the outer side of the limb, 
cutting from above downward 
on the right, and from below 
upward on the left. 



The landmarks are the inner 
border of the coracobrachialis 
and the biceps and the line of 
the artery. 

The incision is from 5 to 7.5 


Fia. 263. — Ligation of Riciht Brachial at Miudlki 
OF Arm. 

A, BiccDB; B, coracobrachialis (retracted out- 
ward); C. tricepe; D, brachial artery and branclieHi E, 
bracliial venw comiteH and communicating brancheti; 
F, basiUc vein; G, branch from basiue to ceplialic 
vein; H, median nerve; L ulnar nerve; J, inComal 
cutaneous nerve. 


cm. (2 to 3 in.) in length, ex- 
tending along the inner border of the biceps in the line of the artery, 
opposite the middle of the arm (Fig, 260, D). 

The skin and the fascia having been divided, the inner border of 
the biceps must be clearly recognized and retracted outward, when 
the artery will generally be found under its inner margin, the median 
nerve usually crossing the front of the artery at its middle, the internal 
cutaneous nerve lying to the inner ride (Fig. 263)- The ven® comites 
and basilic vein are to be separated from the artery. The needle is 
passed from the nerve. The artery is not as easily found in this situa- 
tion as its superficial position would suggest (Fig. 254). Its exposure 
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is. made easier by an assistant holding the limb by the wrist, so that it 
cannot rest on the table, where the triceps is apt to be pushed upward 
and may protrude, the inferior profunda artery and the ulnar nerve 
instead of the brachial artery and median nerve (Heath). In ligating 
higher than the middle third the artery lies to the inner side of the 
coracobrachialis, the median nerve to the outer side, and the ulnar 
nerve to the inner. 

Ligation of the Brachial Artery at the Bend of the Elbow.— 

The limb is extended (not overextended) and abducted. The surgeon 



Fiq. 254. — Crobb-bbction of the Middle of the Right Arm. 

A, Brachial artery and veinB and inferior profunda artery and median and ulnar nerves; B, 
musculospiral neiye and Huperior profunda artery; C, nutrient vessels; D, biceps muscle; E, triceps; 
F, bracliuilis anticus muscle. (Ciosaeeciion modiBed from Hraune.) • 

stands to the outer side of the limb, cutting from' above on the right 
and from Ixilow on the left. 

The landmark of the operation is the inner border of the biceps 
tendon. 

An incision about 5 cm. (2 in.) in length is made in the internal 
bicipital fossa, along the inner border of the biceps tendon, its center 
corresponding to the “ fold of the elbow.” This incision will be oblique, 
and its upper end will commence oppoate the tip of the internal condyle 
of the humerus. It is well to compress the veins above, to get an 
idea of their position at the elbow, and thus avoid them if possible. 
Ordinarily .the incision will lie above and to the outer side of the m^ian 
basilic (Rg. 250, E). 


LIGATION OF SPBCIAL ABTERIE9. 


Having incised the skin and superficial fascia, isolate the median 
basilic vmn and the accompanying internal cutaneous nerve and 
rotfaet them inward (Fig. 256). Incise in the direction of the ongma 
wound the deep fascia and bicipital fascia; the latter (passing mwarcl 
and downward) is to be incised to as limited an extent as PosaWe^ 
Beneath the bicipital fascia lies the artery with its vemc comites, the 
median nerve geLaUy lying out of the way “"‘I to inner 
nnrkfw thp uDDer than the lower part of the wound (Fig. 256). “ 

fascia with catgut. 
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the styloid procem of the radius (Fig. 257, H and 1). At the wrist — 
from the inner side of the forepart of the styloid process to the base 
of the first interosseous space. In the palm — the artery runs about 
2 cm. (I in.) nearer the wrist than does the superficial palmar arch 
(which corresponds with a line continued across the palm on a level 
with the lower border of the outstretched thumb). 

Ligation of the Radial in the Upper Third of the Forearm. — 
The hand is supine, with wrist extended. The surgeon stands outside 
of the limb, cutting downward on the right and upward on the left. 
The assistant holds the fingers with one hand and grasps the forearm 
with the other. 



Fig. 266.*— CROfiBHBBcnoN or Right Arm Just Bzlow thb Elbow-joint. 

A, Bmchial artery dividing into radial and ulnar, with venie oomitee; B, median baHilio vein; 
C, radial recurrent arte^ and radial and interoeaeous nerves; D, ulnar nerve and posterior ulnar 
recurrent artery; £, median nerve and anterior ulnar recurrent artery; F, biceps tendon; O, supinator 
longue muscle; H, extensor carpi radialie longior; 1, extensor ca^i radialis brevior; J, extensor carpi 
ulnaris; anconeus; L, pronator radii teres; M, flexor sublimis digitorum: R, flexor cwpi ulimns 
(a fascial line is seen between its two parts); the brachialis anticus muscle lies just below the bra- 
chial artery. The flexor carpi radialis lies just to the right of the pronator radii teres. (Cross-sec- 
tion modified from firaune.) 


The landmarks are the line of the artery and the inner border of 
the supinator longus. 

The inci»on is from 5 to 7.5 cm. (2 to 3 in.) in the line of the 
artery, with its center over the center of the upper third of the forearm 
(Fig. 257, A). 

Having incised the skin and superficial fascia the radial or median 
vein may be met. Divide the deep fascia and open up the q>see 
between the supinator longus (its fibers running directly downward) 
and the pronator radii teres (its fibers running downward and outward 


ligation of special artebieb. 


(Fig. 268 ). The artery lies under the edge of the supinator longus 
and upon the insertion of the pronator radii teres. The radial nerve 
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(Fig. 259). The anterior surface of the supinator longus (and not its 
inner boirier) appears at first in operating upon the muscular, and 
this must lie well retracted outward. 

Ligation of the Radial in the Lower Third of the Forearm. — 
The landmarks are the tendons of the supinator longus and the flexor 
carpi radialis. 

An incision, from 2.5 to 5 cm. (1 to 2 in.) long, is made vertically 
in the center of the interval between the tendons of the supinator longus 
and flexor carpi radialis (Fig. 257, C). 



Fia. 258.— Legation of the Right Radial Artert in the Upper Part of the Forearm. 

A, Radial arte^; B, radial venn* cHimites; G, radial nen'e; D, BUDinator longua muscle: E, pronator 
radii teres muscle; F, flexor carpi radialis muscle. (Modified from Denver.) 

Having incised the skin and superficial fascia, the radial vein, of 
a large branch, and often the superficialis vols artery, are met and are 
displaced to one side (Fig. 260). The deep fascia is divided, and the 
interval between the tendon of the supinator longus, externally, and 
the tendon of the flexor carpi radialis. internally, is opened up and 
the artery and its vens comites are found between them, accompanied 
by the anterior branch of the musculocutaneous nerve (Fig. 261). 

Ligation of the Deep Palmar Branch of the Radial.— The limb 
is supine, with hand extended. An assistant steadies the fingers and 
wrist. The surgeon cuts from above downward on both sides. 
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FlO. 259.— CllOftS-BBCTlON OK THE UPPER TlIIRD OP TUB RiGIIT FoKKARM. 

A, Radial artery and bmnclieB, veins, and nerve: B, ulnar and interosseous arierieH. veins, and 
median nerve; C, ulnar nerve; D, pronator radii teres muselc; E, flexor TOrpi radialis; r , Hubciitanwms 
vein and nerve; O, flexor profundus digjtorum; II, flexor carpi ulnans; I, anconeus: J. Hupinutor 
lon8:us; K, extensor caipi radialis lonfdor; L, supinator brevis; M, extensor carpi mdinlis brcvior: 
N, extensor communis diKitorum: O, extensor caipi ulnaris. (Cmss-section modined from Braune.) 



Fio. 260.— Ligation of Lowbr Third op Right Radial Just Above Wrirt. 

_ ^A, Radial vein; B, anterior branch of musoulo-cutaneous nerve; C. supin^r longus 
D, flexor carpi radialis tendon; £, pronator quadrotus; F, ladial artery; Q, superficialis voIie arteryi 
Rf H, radial vense oomites. 


from the junction of the thenar and hypothenar eminences and partially 
circumscribing the thenar eminence. 
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An incision is made from the junction of the thenar and hypothenar 
eminences — running along the thenar crease toward the metacarpo- 
phalangeal joint of the index-finger, with the center of the incision 
opposite the center of the ball of the thumb (Fig. 257, D). 

Having incised the skin and superficial fascia, expose and ligate 
the superficial palmar arch (crossing the palm on a level with the 
lower terder of the outstretched thumb) (Fig. 262). The muscles of 
the thenar eminence are now exposed, and these, with the annular 
ligament, are incised at the upper part of the wound to as limited an 
extent os possible (Fig. 262). The interval between the flexor tendons 
of the index-finger and its accompanying lumbrical muscle, on the 
one hand, and the muscles of the thumb, on the other, Is made out and 



Fio. 261 .— Gross-hbction of the Lowbr Third of the Right Forearm. 

A, Radial artery and veinii; B, ulnar artery, veins, and nerve; C, anterior intemsseoua artery; 
D, posterior interosseous artery; E. median nerve; F, flexor Rubliznis digitonim muscle; H, itoxor 
digitorum profundus; I, flexor longus pollicis: J, pronator quadratus; K, extensor indicis pollicis; 
L, extensor proprius pollicis; M, extensor indicts; N. extensor communis digitorum; O, supinator 
longus tendon; r, flexor carpi radialis. (Modified from Braune.) 


opened up by deep retraction, guarding the branches of the median 
nerve. In the interval thus exposed by retraction is seen the abductor 
obliquus pollicis, which is to be divided vertically, when the arch will 
be found under it, running transversely from between the adductor 
obliquus pollicis and the adductor transversus pollicis onto the deep 
fascia covering the interossei, and about 2 cm. (f in.) nearer the 
wrist than does the superficial arch. The needle is to be carefully 
passed in the deep wound to avoid the nerves and veins. 

Ligation of the Ulnar Artery. — ^The indications for the ligation 
of this vessel are the same as for the ligation of the radial. 

The sites for ligation are the upper third of the forearm (rardy)> 
the middle third, the lower third (commonly), and the saperfickl 
palmar arch (for wounds at that site) (Fig. 257, E, P, Q). 
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The line of the upper third of the artery corresponds with the line 
from a point about 1.3 cm. (i in.) below the center of the bend of 
the elbow, passing to the inner side with a gentle curve (convexity to 
the ulnar side), to a point at the junction of the upper and middle thirds 
of the following line. The lower two-thirds corresponds with the 
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Fio. 362.— IdOATioK or Imn BorawnoiAi. amd Dmp Pauia* 

_ A. Annular ligament; B, flexor brevis TOlUois (part of its adaptor obliquue 

C. of flexSTsubUmiii digitorum anJTwter lumbncri (dm^ ^5 Ji. G ^ ^mar 

poUiciM B. adductor transvenus poUiois; F, P^ brnnchw of JJJJT®* *** ' ** 
arch; d, (jeep palmar areh and ito ven» oomites; 1. 1, superficial vein. 

line from the anterior surface of the internal condyle of the humerus 
to the radid side of the pisiform bone (Kg. 267, 

Ligation of the Ulnar Artery in the Middle Third of the Fore- 
arm. — The position is as for the ligation of the radial artery. 

The landmark is the line of the artery as given above, for tbe 
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muscular landmarks at the middle of the forearm are difficult to recog- 
nize. 

The incision is about 7.5 cm. (3 in.), placed in the line of the 
artery, with its center corresponding with the center of the forearm 
(Fig. 257, E). 

Incise the skin and the superficial fascia. The anterior ulnar vein 
and the anterior ulnar branch of the internal cutaneous nerve are 
likely to be encountered (Fig. 263). Divide the deep fascia somewhat 
to the outer side of the skin incision, as the flexor sublimis digitorum 
is generally slightly overlapped by the flexor carpi ulnaris. In this 



Fia. 263. — Ligation of^Kioht Ulnar in Upper Part of Middle Third. 

A, Anterior ulnar vein; fi. anterior branch of internal cutaneous nerve; Ct flexor carpi ulnaris; 
D. flexor Hubliiuig digitorum; E, flexor profundus digitorum; V, ulnar nerve; 0, ulnar artery; H, 
venu! cuiuites. 

deep fascia the intermuscular plane between the flexor carpi ulnaris 
and the flexor sublimis digitorum is sought by exposure and by the 
sense of touch. A muscular branch will often lead to it. These 
muscles are retracted well apart, when the ulnar nerve is first encountered 
between them, and, following inward on the same plane, the artery 
will be found on the flexor profundus surrounded by the vente comites, 
and with the ulnar nerve to the ulnar side (Fig. 264). It is sometimes 
exceedingly difficult to hit off the intermuscular space and to find the 
artery when once in it. Remember that the even anterior marjpn of 
the flexor carpi ulnaris slighUy overiaps the flexor sublimis diptorum 
at this level. Also remember, when once in the intermuscular qiaour 
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not to pass below the ulnar nerve, and thus go too deeply on the ulnar 
side of the forearm, but rather work inward from the level of the nerve. 

Ligation of the Ulnar Artery in the Lower Third of the Fore- 
arm. — The landmark here is the outer border of the flexor carpi uluaris. 

The incision is about 5 cm. (2 in.) in length, ending about 2.5 
cm. (1 in.) above the pisiform bone, and placed between the tendon 
of the flexor carpi ulnaris and the innermost tendon of the flexor sub- 
limis digitorum. (As the innermost tendon of the flexor sublimis 
digitorum is not always recognizable, the incision is generally placed 
to the outer side of the tendon of the flexor carpi ulnaris — Fig. 257, F.) 



Fio. 264. — CnoBSHBVCfriON or thb Middle or the Right Foheahm. 



Having incised the skin and superficial fascia, avoid the anterior 
ulnar vein or its branches (Fig. 265). Divide the deep fascia. Partly 
flex the wrist to relax the structures and retract the flexor carpi ulnaris 
to the ulnar side. The artery will be found upon the flexor profundus 
digitorum with the vense comity closely surrounding it and the ulnar 
nerve lying closely to the ulnar side (Fig. 261). 

Ligation of an Intercostal Artery.— The intercostal arteries 
are sometimes ligated for hemorrhage in their course, or as a preliminary 
step to an operation upon the thorax. 

The landmark to the artery is the lower border of the rib in the 
groove of which the special artery runs, or the upper border, in case it 
be the lower branch of the intercostal artery. . • r 

The patient lies supine, and is so turned as to render the site of 
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operation prominent, with the chest supported below, so as to mcrease 
the width of the intercostal spaces. The surgeon stands on the side of 
the operation, the assistant opposite. 

Ligation of an Intercostal Artery by an Intercostal Incision.— 
An incision about 5 cm. (2 in.) is made parallel with and just below 
the lower border of the indicated rib, or just above the upper border, 
as the case may be. 

Incise the skin and superficial fascia. As to what muscle, and as 
to what amount of muscle tissue, as well as fascia, will have to be 
further incised in the line of the original incision before the intercostal 
muscles are reached, will depend upon the site at which the artery is 
to be exposed. Having passed through the overl 3 ring muscle covering 



Fiq. 265. — Ligation of Lower Third of Right Ulnar Just Above the Wrist. 

A, Anterior ulnar vein; C. tendon of flexor carpi ulnariti; tendon of flexor sublimis digitorum; 
£, ulnar artery; G, ulnar venee comites; H, ulnar nerve. 


of the thoracic wall, the intercostal fascia is met and incised, then the 
external intercostal muscle (if operating anywhere between the tubercles 
of the ribs behind and the costal cartilages in front). The two cut 
mar^ns of the external intercostals are then drawn upward and down* 
ward and the artery sought as it lies partially or entirely concealed 
in the inferior intercostal groove, with the intercostal nerve below and 
vein above. The artery may be drawn out of its groove and down 
into view by the curved tip of the aneurism needle. The vessel should 
be doM^l^lig^ted (its supply coming from both directions). The 
inciaii^^iihiostal muscle and fascia may be sutured with gut in closing 
the woimti.'. If difficulty in expoang the artery be experienced,, the 
rib may be exposed subperiosteally, as in the following ^operaticm, 
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to be described. It is to be remembered, in operating posteriorly to 
the angle of the rib, that the intercostal artery has not yet reached the 
inferior groove of the upper rib, but lies between the two ribs and has 
not divided into its upper and lower branches. If it be desired to 
ligate the upper and lower branches of the intercostal (anywhere 
l)etween the angle and costal cartilages), the incision is made midway 
between the ribs and, after retracting the cut external intercostal 
muscle, the upper branch is sought in the above manner and the lower 
branch is found along the upper border of the lower rib. Both are 
doubly ligated. The upper intercostal artery is often so small as to 
be difficult or impossible to find. 

Ligation of an Intercostal Artery by Partial Subperiosteal 
Excision of Rib (Hartley’s Operation). — An incision about 6 cm. 
(2i in.) is made parallel with and directly over the center of the rib. 



t'la. 266 .— Ligation op Left Intbroobtal Artehy, in Lower Anterior Thoracic Keojon, 
BY Partial Excibion of a Rib. 

A, Thoracic muscles; B, external intercostal muscle; C, rib. with half-button of bone bitten out 
with rongeur forceps; 1), periosteum, incised over center of rib; E, lower lialf of anterior layer nj 
periosteum retracted downward: F, P, posterior layer of periosteum incised and retracted upward 
and downward, showing intercostal vessels beneath; G, intercostal artery; II, intercostal vein; 
1, intercostal nerve. (Hartley's method.) 

The above incision passes through the skin, superficial fascia, and 
overl 5 dng thoracic muscles (according to the site of the operation), 
deep fascia, and periosteum (Fig. 266). With periosteal elevator free 
the lower half of the anterior surface, the inferior groove, and the 
lower half of the posterior surface of the rib, all subperiosteally. Then, 
with rongeur bone-forceps, bite out a “half-button" of bone from the 
bared lower half of the rib, being careful to insert the lower blade of 
the rongeur between the detached periosteum and the rib. After the 
half-button of bone is removed, the poation of the artery is plainly 
evident, and the vessel is exposed by incising through the periosted 
membrane directiy over it. The artery may also be expos^ by the 
ordinary method of subperiosted excision of about 4 cm. (1^ in.) of 
rib throughout its entire thickness. 
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Ligation of the Abdominal Aorta. — ^The indications for ligation 
are iliac and inguinal aneurisms, and primary and secondary hemor- 
rhage, in cases where no other means are possible. 

The site for ligation is between the origin of the inferior mesenteric 
(between 2.5 and 5 cin., or 1 to 2 in., above the bifurcation) and 
the bifurcation. 

The line of the artery extends from a point in the anterior median 
line, on a level with the lower border of the twelfth dorsal vertebra,, 
to a point a little to the left of the umbilicus, on a level with the highest 
points of the iliac crests. 



Fia. 207. — Incibionb roB Lzqationb zn thb Abdomznopulvic Rsozon. 

A, Exposure of abdominal aozta by transMiitoneal zoute^ through median incision over um- 
bilicun; B, exposure of internal iliac, cotnmon iliac^ and abdominal aorta by retroperitoneal route 
throuim oblique incision parallel with Poupart'a ligament; C, exposure of externiu, internal, and 
eoramon iliacs by tranaperitoneal route, through median incision below umbilicus; D, of external 
and deep qiigastric, retroperitoneally. through oblique incision parallel with^Poupart’s liijpunent; 
E, of common, internal, and external iliacs, transperitoneally, through vertical incision in linea 
semilunaris; F, of external iliac, transperitoneally, througli intramuscular incision; G, G, anteripr 
superior iliac spines; 11, symphysis pubis. 

Ligation of the Abdominal Aorta by the Transperitoneal 
Method. — The abdomen is opened in the median line and the posterior 
parietal peritoneum is opened over the artery. 

The patient lies in the supine position with the shoulders raised 
and the knees riightly flexed. The surgeon stands on the right side. 
The asfflsti^tt is opposite. 

The landmarks are the median, vertical abdonwal line, and the 
transverse line on the level with the highest points of the iliac crest. 

The inciaon is made about 10 cm. (4 in.) in length in the linea 
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alba, with its center corresponding with the umbilicus, the incision 
passing slightly to the left of the navel, to avoid the round ligament 
of the liver and urachus (Fig. 267, A). 

The peritoneal cavity having been opened in the usual manner, 
the small intestines and mesentery are well retracted upward and to 
the sides. Guided to the artery by its known poation and by its pul- 
sation, the peritoneum covering the vessel is carefully divided between 
the inferior mesentery and its bifurcation into the iliacs. The clearing 
of the arteiy should be done with especial care, as inclusion of the 
sympathetic nerve fibers is otherwise apt to take place, and is supposed 
to have occurred in one case which quickly ended fatally. A fiat liga- 
ture should be used (kangaroo tendon, chromicized gut, and silk, fiat 
and round, have been used). The needle shoidd be of special shape, 
and should be passed in the direction away from the inferior vena cava. 
The above technic constitutes the most desirable form of operation, 
though one of the most successful cases, as to length of life, was 
through a posterior retroperitoneal exposure. 

Ligation of the Abdominal Aorta Through a Retroperitoneal 
Approach. — The artery is here approached from the anterolateral 
abdominal region, the peritoneum being pushed back from the iliac 
vessels until the aorta is reached and exposed. The operation is 
practically similar to that for the exposure and ligation of the common 
iliac cxtraperitoneally, the site being reached by an extension of those 
steps (Fig. 267, B, except on left side, and Fig. 268). The patient is 
placed so as to be tilted toward the left right side, the surgeon standing 
behind the patient, upon the side of the operation (the left). An 
extension of the incision employed for the common iliac is carried 
further upward to give the necessary room; and, if still required, 
additional room may be gotten by a second incision running parallel 
with the ribs, at a right angle to the main incision. The incision is 
made upon the left side, its general direction being from just within 
the anterior superior iliac spine toward the tip of the tenth rib, and 
the aorta is reached by following up the common iliac in the peeling 
back of the peritoneum from the iliac fascia. The separation of the 
parts and exposure of the common iliac are, otherwise, the same as for 
the ligation of that vessel. The vessel is thus less satisfactoiily exposed 
than by the intra-abdominal operation, and there is greater diflUculty 
in avoiding the sympathetic nerve-cords that surround the vessel. 
The ligature is placed upon the same site as in the intra-abdominal 
operation, and the inferior vena cava is guarded in pasring the needle. 

Ligation of the Common Iliac Arteries.— The indications for 
ligation are aneurisms, wounds, the arrest of hemorrhage from distal 
parts, and preparatorily to other operatimis. 

The vessel is ligated in as nearly the middle of its course as possible. 

The line of the artery is indicated in the following manner: draw 
a line transversely across the abdomen, on a level with the highest 
points of the iliac crests, which will cross the abdominal aorta at its 
bifurcation, draw a second line transversely across the abdomen on a 
VOL. V— .46 
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level with the anterior superior iliac spines, which will cross the common 
iliacs at their bifurcation; draw a third line from a point on the first 
line about. 1.3 cm, (i in.) to the left of its center (which is the linea 
alba), to a point midway between the anterior superior iliac spine and 
the symphysis pubis. That portion of the third line between the two 
zones represents the common iliac, and that portion below the lower 
zone, the external iliac. The right common iliac is about 5 cm. (2 in.) 
in length, and the left about 4.5 cm. (If in.). 



Fig. 268 .^Ligation of Right Common and Intehnal Iliacb, Rrtroperitoneallt. 


A, A. External oblitiue inuHcle and aponeurosis; B, internal oblique; C, traneversalis; D. ooih 
joint tendonj E, £, peritoneum, retractea; F, ureter, retracted; G, common iliac artery (sheath 
incised); H, internal iliac artery (slieath incised); I, external iliac artery, J, external and intenw 
iliac veins; K, K, deep cpiica.stric artery; L, deep circumflex Iliac artery; N, iliolumbar artery; 0. 
spermatic art^; P, anterior crural nerve; Q, ilio-inguinal nerve; R, genitocrural nerve; S, external 
cutaneous nerve; T, iliac fascia; M, lumbar artery and iliohypogastric (or dorsal) nerve. 


Ligation of the Common Iliac Artery by the Retroperitoneal 
Method. — ^The patient is supine or slightly turned to one side. The 
intestines are more easily displaced from the field of operation if the 
patient be in the Trendelenburg position. The surgeon stands upon 
the ride of operation. The assistant is opposite. 

The landmarks are the line of the external iliac artery (v. s.). Pop- 
part’s ligament, the anterior superior spine of the ilium, and the eleventh 
rib. 
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The incisioii is begun as for the exposure of the external iliac (page 
711) and continued in the cleavage line of the external oblique as far 
upward toward the eleventh rib as necessary to furnish sufficient room 
(Fig. 267, B). 

The steps of the operation are identical with those for exposure 
of the external iliac (page 711), with an extension upward, in the 
present operation, of the separation of the fibers of the external oblique 
and a division of the fibers of the internal oblique and transversalis 
as far up toward the eleventh rib as necessary, the incision of the two 
latter muscles corresponding in direction with the separation of the 
fibers of the external oblique (Fig. 268). In this higher part of the 
wound the last dorsal and other dorsal nerves are apt to lx: encountered 
between the internal oblique and transversalis and aie to be carefully 
preserved. The deep circumflex iliac artery and the lumbar arteries 
are apt to be met here above the crest of the ilium. Having divided 
the transversalis fascia and separated the peritoneum from the iliac 
fascia (which overlies the iliacus muscle), detaching it downward 
and backward to the psoas muscle, and then upward to the sacral 
promontory, the structures in the floor of the iliac fossa are exposed. 
The external iliac artery is first found, and this is followed up. to the 
common iliac, guarding the deep epigastric. The genitocrural, external 
cutaneous, and anterior crural nerves, branch of the iliolumbar, and 
the spermatic arteries cross this area. The ureter crosses cither the 
common iliac or the external iliac obliquely opposite the first piecio of 
the sacrum, having the ileum in front of it on the right and the sigmoid 
flexure of the colon in front of it on the left, but in the peeling back of 
the peritoneum the ureter usually adheres to the peritoneum, and is 
thus removed from the area of operation without trouble. The artery 
having been reached and bared of peritoneum, the needle is passed 
from the iliac vein. 

The line of incision may begin further to the outer side of the external 
iliac than for the typical operation upon that arteiy, though that 
vessel is then a little less easily encountered. As to a choice between 
the extraperitoneal and intraperitoneal operation, the former is to be 
preferred wherever the relations of the parts are not too much dis- 
turbed by disease or injury. The common iliac artery may also Ihj 
ligated by the transperitoneal route. The steps are practically the 
same as for the transperitoneal ligation of the abdominal aorta, though 
somewhat less extensive, and with the slight modifications necessitated 
by the anatomy of the parts (Fig. 267, C). Especial care is taken to 
recognize the position of the ureter before incising the peritoneum. 

Ugation of the Internal Iliac Artery.— The indications for 
the ligation of this artery are gluteal and sciatic aneurism, hemorrhage, 
and to cause atrophy of the prostate gland. 

The vessel is secured midway between its origin and its bifurcation. 

The line of the artery is given imder that of the common iliac. 

The vessd may be secured by either the retroperitoneal or trans- 
peritoneal route. 
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Ligation by the Retroperitoneal Route. — ^The position, land- 
marks, and incision are the same as for the retroperitoneal ligation of 
the external iliac, which, having been exposed, is followed up to the 
bifurcation of the common iliac (Fig. 267, B, and Fig. 269). 

Ligation by the Transperitoneai Route.— The position, land- 
marks, incision, and operation are the same as for the transperitoneai 
ligation of the abdominal aorta, with the modifications necessitated 
by the anatomy of the parts (fig. 267, C and page 704). Recognize 
the position of the ureter before incising the peritoneum. 

Ligation of the Sciatic Branch of the Internal Iliac.— The indi- 
cations for ligation are wounds and hemorrhage. 



Fra. 209. — Incisions fok Ligations About thb Buttock. 

A, PoHterior superior iliac qnne; D, great trochanter; C, tuberosity of ischium; D, incHinion for 
exposure of iduteal branch of internal iliac at its emergence from upper part of great aacroeoiatic 
notch: E, for exposure of sciatic and internal pudic branches of internal iliac at their emergence 
from tower part of great saorosoiatic notch. 

The site for ligation is at the emergence of the vessel onto the 
gluteal region, just below the pyriformis muscle. 

The line of the artery is gotten in the following manner — having 
rotated the thigh inward and slightly flexed it, draw a line from the 
posterior superior iliac spine to the outer border of the tuberosity of 
the ischium. The point on this line, at the junction of its middle and 
lower thirds, will represent the site at which the sciatic and pudic 
arteries emerge from the lower part of the sciatic foramen upon the 
gluteal region (Fig. 269, A, C, E). 

Ligation of the Sciatic upon the Buttock.— The patient lies 
upon the uninvdved side, rolled nearly onto the chest, with the knee 
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flexed and thigh rotated inward. The surgeon is on the ade of the 
operation, the assistant standing opposite. 

The landmarks are the posterior superior iliac spine and the tiiberos* 
ity of the ischium. 

Having drawn the line of the artery, as given above, make an incision 
about 10 cm. (4 in.) in length, obliquely across this line, in the direc- 
tion of the fibers of the gluteus maximus (which run from above and 
behind, downward and forward), with its center corresponding to 
the junction of the middle and lower thirds of the line (Fig. 260, E). 

Having incised the skin and thick fatty areolar tissue, divide the 
fibers of the gluteus maximus in their cleavage line (Fig. 270, F). Re- 
tract the separated margins of this muscle upward and downward 
respectively. Expose the lower margin of the pyriformis muscle. 
Follow the lesser sacrosciatic ligament to the spine of the ischium, 


L- 

Fig. 270. — Ligation of Right Internal Pooic and Sciatic Aatbuies upon tub Buttock, Below 

THE PYRiroRMW. 

A, A, Qluteufl maximuB (incised and retracted); B, pyiifomiis (lower border retracted upward); 
C, obturator internus, with gemellus superior and inferior above and below; U.Dudic. artery and 
vonio oomites; E, internal pudic nerve; F, sciatic artery and vena comites; O, sinall sciatic nerve; 
U, great sciatic nerve. 

when the sciatic artery will be found emerging from beneath the pyri- 
formis muscle, passing out of the pelvis above the spine of the ischium, 
and the lesser sacrosciatic ligament attached to it and lying posterior 
and external to the pudic artery. 

Ligation of the Interaal ^dic Artery.— Wounds and hemor- 
rhage are the chief indications for fiction of this vessel. 

The artery may be tied over the spine of the ischium or in the 
perineum (Figs. 269, 270). 

The line of the artery is indicated under Ligation of the Sciatic 
Artery (page 708). 

The position, landmarks, inciedon, and operation are the same as 
for the ligation of the sciatic branch of the internal iliac upon the 
buttock, the arteries lying nde by ade at their exit from the pelvis, 
below the lower border of the pyriformis (Fig. 268, E, and Fig. 269, D). 
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Ligation of the Qluteal Artery.— The indications for ligation 
are wounds and aneurism. 

The site for ligation is at the emergence from the sciatic notch, at 
the upper border of the pyriformis muscle. 

To find the line of the artery, having rotated inward and slightly 
flexed the thigh, draw a line from the posterior superior iliac spine to 
the top of the great trochanter. A point on this line at the junction 
of the upper and middle thirds will correspond Avith the emergence of 
the gluteal artery from the sciatic notch (Fig. 288, A, B, D). 

Ligation of the Gluteal Artery Upon the Buttock.— The patient 
lies on the involved side, rolled nearly onto the chest, with knee flexed 
and the thigh rotated inward. The surgeon is on the side of the opera- 
tion. 



Fio. 271.— Lioation of Riobt Glutbal Abtbry upon thjj Buttock, Abovk the Pvbtkormib. 

A, De^ foHcia over sluteuB niazimub; B, D, gluteus maximus, incised and retracted; C, gluteus 
medius (retracted upward); D, pyriformis (retracted downward); E, fascia between gluteus max- 
iinus and irluteiis tnedius and pyriformis; F, gluteal artery and venie comites; G, superior gluteal 
nerve andoFanches; U, gluteus minimus. 

The landtnarks are the posterior superior iliac spine and the. top 
of the great trochanter. 

The incision is about 10 cm. (4 in.) in length, and is placed along 
the line given above, with its center at the junction of its upper and 
middle thirds, which will be over the ate at which the gluteal artery 
leaves the sciatic notch (Fig. 268, D). 

After dividing the skin and superficial fascia, some superficial nerves 
and the fascia of the gluteus maximus, the muscle itself is met, its 
fibers running parallel with the skin incision (Fig. 271). Incise the 
muscle-fibeis of the gluteus maximus along their cleavage line. Having 
passed through the thickness of the gluteus maximus, a branch of the 
gluteal artery will generally lead to the interval between the gluteus 
medius and pyriformis (which otherwise is sought without this guide).. 
Having divid^ the fascia over the lower border of the gluteus medius, 
separate these muscles by retractors and expose the upper margin of 
the sciatic notch by passing the finger under the lower border of the 
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gluteus medius, and through the upper portion of the sciatic notch, 
between the lower border of the gluteus medius and the upper border of 
the pyriformis, emerge the gluteal artery, vein, and superior gduteal nerve. 

Ligation of the External Iliac Artery.— The indications for 
ligation are wounds, secondary hemorrhage, femoral or iliofemoral 
aneurisms, to arrest malignant growths, elephantiasis arabum, and 
as a distal ligation in aneurism of the common iliac. 

The site of the ligation is proximal to the deep epigastric and deep 
circumflex iliac branches. 

The line of the artery is indicated under the Common Iliac, page 705. 

Ligation of the External Iliac by the Retroperitoneal Route. — 
The patient lies in the supine position, near the edge of the table. The 



Fio. 272. — LiaATzoN or Riqht External Iliac, Rbtropeuitonballt through Obliqub Incibion 
Pahallbl with Poupart’b Ligament, 

A, A, SuTOrficial CTigaetric artery; B, external oblique muscle; C, C, external, oblique aponeurosis; 
D, internal oblique; E, ilio-inRuinal nerve; F, transversalis muscle; G, conjoint tendon; H, deep 
circumflex iliac artery and accompanying vein; I, deep epigastric artery and venie comites; J, genito- 
cruial nerve: K, pentoneum (peeled back and retracted upward); L, iliac fascia; M, external iliac 
artery (its sheath incised); N, external iliac vein; O, anterior crural nerve (seen through fascia); 
P, Poupart’s ligament. 

surgeon stands on the side of the operation. The landmarks are 
Poupart’s ligament, the anterior superior iliac spine, and the line of 
the artery. The incision begins over the external iliac artery, about 
1 .3 cm. (i in.) above Poupart’s ligament, and passes upward and out- 
ward, parallel with the ligament, to the anterior superior iliac spine, 
and is prolonged upward as far as necessary in the cleavage line of the 
external oblique (Fig. 267, D). Having incised the skin and superficial 
fascia, together with, possibly, the superficial epigastric and ' the 
branches of the superficial circumflex iliac, with their veins, ligating 
where necessary, expose the aponeurosis of the external oblique (Fig. 
272). Divide this aponeurosis in its cleavage line without cutting its 
fibers, and continue this division or separation in the cleavage line 
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as far toward or beyond the anterior superior iliac spine as indicated 
to give free room for manipulation. Having retracted the cut edges 
of the external oblique well apart, separate from the outer half of 
Poupart’s ligament the attachment of the internal oblique. Carefully 
retract the cut edges of the internal oblique, being on the watch for 
branches of the iliohypogastric and ilio-inguinal nerves between the 
internal oblique and transversalis, and, if encountered, carefully dis- 
place them above or below, but avoid cutting them. If necessary 
to gain more room, the internal oblique is to be carefully incised in the 
line of the separation of the external oblique as far as the upper limit 
of tho separation of the fibers of the latter muscle. Having incised 
the internal oblique and protected the nerves encountered, detach the 
transversalis from the outer third of Poupart’s ligament, and as far 
beyond as necessary, incising its fibers transversely to their direction, 
but in the direction of the division of the internal oblique. After 
dividing the transversalis, guanl the deep circumflex iliac artery and 
vein and the genitocrural nerve, both lying between the transversalis 
fascia and peritoneum. Having now separated the fibers of the aimn- 
eurosis of tho external oblique, and divided the fibers of the internal 
oblique and transversalis in the same line as the separation of the 
external oblique aponeurosis, and having safeguarded the important 
nerve encountered, the fascia transversalis is then exposed and is 
divided over the artery in a transverse direction, corresponding with 
the preceding incision lines and separation. The artery is here clearly 
defined, and the deep epigastric, the main source of collateral circulation, 
is carefully guarded. As soon as the artery is clearly located, the sub- 
peritoneal tissue about the vessel is carefully opened up and the artery 
well exposed as well as the deep epigastric, for the purpose of guarding 
it. The peritoneum is then pushed and rolled backward and upward 
from the vessel with the fingers and held out of the way by retractors. 
When sufficiently exposed, the sheath of the artery is opened and the 
needle passes from the vein on the inner side, guarding the anterior 
crural nerve on the outer side. The ligature should be about 3 cm. 
(11 in.) above Poupart’s ligament. In concluding the operation 
the cut edges of the transversalis are united by catgut sutures to their 
line of severance from Poupart’s ligament, and as far beyond as they 
may have been divided. Tlie cut edges of the internal oblique are 
nmilarly sutured to their former attachment to Poupart’s ligament, 
and to their oppoate cut margin as far as divided. And, finely, the 
separated margins of the external oblique are united by buried gut 
sutures. The skin wound is then closed. 

The incision for exposure may, if thought necessary, begin about 
3 cm. (11 in.) to the outer side of the spine of the os pubis, being thus 
begun well to the inner side of the artery, as in the modified Astley 
Cooper operation. 

Ligation of the External Iliac by the Transperitoneal Route.— 

The position is the same as in- the extraperitoneal operation, or the 
patient may be in the Trendelenburg position. 
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The landmarks are the same as far as the extraperitoneal exposure. 

The incision may be made in one of three sites: as- an intramuscular 
incision, placed over the site of the artery to be tied (Fig. 267, F); 
as a vertical incision in the linea semilunaris (Fig. 267, E); or as a 
vertical incision in the linea alba (Fig. 267, C). 

The steps of the operation and the manipulation to expose the site 
of ligation are, practically, similar to those in the transperitoneal 
exposure of the common iliac or the internal iliac. 

Ligation of the Femoral Artery.— The indications for ligation 
are the same as for ligation of the external iliac (p. 711). 

The sites for ligation are the common femoral at the base of Scarpa’s 
triangle, rare (on account of proximity of large vessels); the superficial 



Fig. 273. — Jncibionh fok Ligation ok Chink Arteries ok Thigh. 

A, Anterior Buperior iliac euine; B. eyniphysis pubis; C. adductor tubercle; D, midpoint between 
anterior superior iliac Hpine and HymphyBis pubis; K, ligation of common femoral at base of Hcarpa*a 
triangle, by incision parallel with artery; F, same, Iw inciniun parallel witli and just below Poupart's 
ligament: O, of profunda fomoris, near origin; H. of superficial femoral at apex of Scarim's triangle; 
1, of superiicial lemoral in Hunter's canal; J, of popliteal in upper part of popUieal space, from inner 
side of thigh. 

femoral at the apex of Scarpa’s triangle, the operation of election; 
and the superficial femoral in Hunter’s canal, not common (Fig. 273). 

The line of the artery is determined in the following manner; the 
hip is slightly flexed and the thigh abducted and rotated outward. 
The line is from a point midway between the anterior superior iliac 
spine and symphysis pubis, to the abductor tubercle of internal femoral 
condyle (Fig. 273, D, C). When the thigh is in normal position and 
parallel with its fellow, the line is then from a point midway between 
the anterior superior iliac spine and symphysis pubis to inner border 
of the patella. A few observations may be here made. A short 
common femoral is more frequent than a long one. The apex of Scarpa’s 
triangle is from 7.5 cm. to 9 cm. (3 to 3i in.) below Poupart’s liga- 
ment. The profunda femoris arises about 4 cm. (1^ in.) below Pou- 
part’s ligament. At the groin the femoral artery and vein are on the 
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same plane; at the apex of Scarpa’s triangle the vein is posterior, in 
the middle of Hunter’s canal the vein is posterior and slightly external, 
at the lo\i'er part of Hunter’s canal the vein is external. The order 
of the vessels at the apex of Scarpa’s triangle, from before backward, 
is the femoral artery, femoral vein, profunda vein, and profunda artery. 



Fio. 274.— ‘Liqation or Riort Common Femoral at Babb or Scarpa’s Trianoub. 

A. A, Superficial fascia; B, B, fascia lata; D, pectineus; R, psoas; O. p, Poupart's limmexit 
and external oblique; H, common femoral artery, with superficial epigastric, externm pudio, md 
circumflex iliac branches; I, 1, femoral vein; J, internal saphenou^ with su|Mrficim migastnc 
external pudic, and ctroumflex iliac veins; K, anterior crural nerve; L, crural branch of genito- 
orural. 


The line approximatdy representing the course of the long saphenous 
vein is one running from a point about 2 cm. (f in.) internal to the 
midpoint between the anterior superior iliac spine and symphysis 
pubis, to the posterior border of the sartorius muscle at the femoral 
condyle. 


UGATION OF SPECIAL ABTKBIES. 


716 


Ligation of the Common Femoral at the Base of Scarpa’s 
Triangle by an Incision Parallel with Artery.— The patient lies 
in the supine position, the hip slightly flexed, the thigh abducted 
and rotated outward, and the knee bent and lying upon its outer aspect. 

The surgeon stands on the side of the operated limb, cutting from 
above downward on the right, and vice versO.. 

The landmark is the line of the artery. 

The incision is about 5 cm. (2 in.) long, beginning just a little 
above Poupart’s ligament and extending downward in the line of the 
artery (Fig. 273, E). 



Fio. 275. — Cbosmbction or tub Lnn Tiiioh Tbboitgii tb* Head ok the FBMnii. (The skin 
relations of this seation erroneously represent a lower level.) 

A, Iliaoiu; B, sartorius; C, femoral artery, vein, and crural nerve; D, protineus; E, psoas; F. 
tensor vaginie femoris; G, duteus minimus: M, iduteus medius; I, great sciatic ai^ry, vein, and 
nerve; J, ^uteus maximus; K, obturator intemus; L, obturator extemus; M, adductor brevis; 
N, adductor longue. (Cross-section from Braune.) 


Incise the skin and the superficial fascia. Avoid the lymphatic 
glands, also the superficial circuihflex iliac, the superficial epigastric, 
and the superficial external pudic arteries and veins. Divide the 
iliac portion of the faacia lata (Fig. 274). Avoid the crural branch of 
the genitocrural nerve on the femoral sheath, a little external to the 
artery. Expose and open the sheath, guarding the femoral vein, 
which lies immediately to the inner side of the artery and within the 
sheath, and the anterior crural nerve lying further to the outer side 
of the artery and outside of the sheath (Fig. 275). Pass the needle 
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from the vein. It may be said that the ligation of the femoral at the 
base of Scarpa’s trian^e is rarely done, owing to the number and 
nearness of the branches, except in such cases as woimds and to control 
hemorrhage at the hip-joint, or for temporary control in operating 
about the thigh. Where not othei'wise indicated, the ligation of the 
external iliac is the better operation. The artery may also be exposed 
at this site by an incision parallel with and about 6 mm. (i in.) below 
the middle third of Poupart’s ligament (Fig. 273. F). 



Fio. 276 . — Ligation of Kight Femoral at Apex of Scarpa’s Triangle. 

A, Sartorius; D, adductor lonsua: G, femoral artery and muaoular branches with its sheath 
incised and retracted; D, femoral vein; E, branch of internal saphenous vein; F, long saphenous 
nerve; G, internal cutaneous nerve. 

Ligation of the Superficial Femoral at the Apex of Scarpa’s 
Triangle.— The pofdtion and landmarks are the same as in the operation 
for the exposure at the base of Scarpa’s triangle. 

The incision is made about 7.5 cm. (3 in.) in length in the line 
of the artery, with its center over the apex of Scarpa’s trian^e — ^that 
is, about 7.5 cm. (3 in.) below Poupart’s ligament (Fig. 273, H). 

Incise the skin and superficial fascia. Draw aside or ligate the 
branches of the intemid saphenous vein (Fig. 276). Divide the fascia 
lata. Identify the inner margin of the sartorius (its fibers running 
downward and inward) and retract it outward. Open up the groove 
between the sartorius and adductor longus (the fibers of the latter 
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running directly downward, or downward and outward), and retract 
the adductor longus internally if necessary (Fig. 277). 

The internal cutaneous nerve and long saphenous nerve are en- 
countered anteriorly to the artery and are to be displaced to one side. 





Fia. 277. — C«08B-»BCTioN Through thb Levt Thigh at thm Lbvel of tub Lbmbr Trochanter. 
A, Sartorius; B, rectus; C, superficial femoral artery, vein, and anterior crural nerve; D, pro- 
funda femoral artery and vein; E, crureus; F, iliaous; G. tensor vagiiue femons; li, poctiueun; 
J, vastus extemus; J, sciatic nerve and artery; K, semimembranosus; L, biceps and sctmtcndinnsus; 
M, gluteus maximus; N, adductor magnus; O, adductor brevis; P, adductor longus; R, graeilia 
(CrosMeotion modified from firaune.) 

Clearly identify the femoral sheath and incise it, guarding the femoral 
vein which lies posteriorly and internally to the artery. Pass the 
needle from the vein. 

Ligation of the Superficial Femoral in Hunter's Canal.— The 

position of the patient is the same as for the ligation at the base of 
Scarpa’s trian^^e. 

The landmark is the line of the artery. 

The incision is from 7.5 to 9 cm. (3 to in.), in the line of the 
artery, over the middle third of the thigh (Fig. 273, 1). 

Incise the skin and superficifd fascia. The anterior branch of the 
internal cutaneous nerve, to the outer side, and the long saphenous 
vein to the inner side, are likely to be encountered. Divide the fascia 
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lata. Expose the outer edge of the sartorius (its fibers running down- 
ward and inward) and retract inward from its position over the roof 
of Hunter’s canal (Fig. 278). Hunter’s canal is thereby exposed in the 
interval between the vastus intemus and adductor magnus (the fibers 
of the latter running obliquely downward and outward). The nerve 
to the vastus internus may be here exposed. Incise the roof of the 
canal, when the internal saphenous nerve is found between the aponeu- 



Fio. 278. — LTOA'noN ok the Right Fbmokal Artery jn HuNTBii'ft Canal. 

A, Internal cutaueoua nerve; D, sartorius; C, Hunter's canal, the roof incised; D, femoral arteiy; 
E, femoral vein; F, internal saphenous nerve. 

rotic roof and the sheath of the vessels, running from without inward 
(Fig. 279) . Open the sheath and pass the ligature from the vein. Guard 
against taking the vastus for the sartorius, the fibers of the former 
running downward and outward. 

Ligation of the Popliteal Artery.— The indications for the 
ligation of this vessel for other conditions than those of wounds and 
aneurisms are rare. 

The artery may be ligated either in its upper or lower part, the 
vessel being tied with difficulty in its middle, owing to its depth and 
relations (Figs. 273, J, and 280, F and G). 
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The line of the artery extends from the outer border of the semi- 
membranosus, at the junction of the middle and lower thirds of the 
thigh, obliquely down to the middle of the popliteal space, directly 
posterior to the knee-joint (for the upper part of the artery), and from 
the midpoint of the popliteal space vertically down to the level of the 
lower border of the tubercle of the tibia (for the lower part of the 
arteiy) (Fig. 280, A, B, C). 



Fio. 270. — CR 08 .S-BBCT 10 N Throuah the Middle of the Left Thigh. 

A, RectUH niUHnle; B, vaatUB intemuB; C, sartoriua; D, sujMrficial femoral artery, vein, and t<apli- 
enoua nerve; E, adductor longUR; F, adductor niagnua; G, RraciiiH; H, HomitnembranoHUM; 1, 
vaatua externua; J, descending branch of external circumflex; K, terminal branch of profunda 
fonioria; L, crureus; M, p«at sciatic nerve and arteria comes ncr\’i ischiadici; N, biceps; O, semi- 
tendinosus. (Cross-section modified from Braune.) 


Ligation of the Popliteal Artery in the Upper Part of the 
Popliteal Space from the Inner Side (Jobert’s Operation).— The 

patient is supine, the thigh slightly flexed and fully abducted and 
rotated outward, with the knee at a right migle and resting on its 
external aspect. The surgeon stands on the outside, cutting downward 
on the* right and upward on the left (or he may stand on the inner side 
of the left and cut downward). 

The landmark is the tendon of the adductor magnus. 

An incision about 7.5 cm. (3 in.) in length, be(^ning opposite 
the junction of the middleand lower thirds of the tMgh, is made, running 
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Fio. 280. — Lxgation of Poplitbal, PoarsBiOB Tibial, and Pbronbal Abteribb. 

A. Outer border of BomimembmnoBiui (at junction of middle and lower thi«to of thi|f ); B, 
liddle of popliteal space; C, center of poeterior aep^ of leg on Iwel wth bbial tubercl^ 

I LaaI anfl n.t intAmAl ma.l1lVl1l1B! K. TTIinnninfc bfiftwean 


middle _ ^ 

D, point midway between 

outer border of tendo AchilUe 



incision for peroneal in middle of leg. 


paralld with and immediatdy poaterior to the tendon of the adductor 
magnuB (which is inserted into the adductor tuberde on the internal 
condyle of the femur) (Fig. 273, J). 



UQATION OF SPECIAL ABTEBIES. 


721 


Incise the skin and superficial fascia. Avoid the anterior brafich 
of the internal cutaneous nerve (Fig; 281 ). Divide the deep fascia. 
Expose the anterior ^ge of the sartorius and retract it backward, 
together with the internal saphenous vein, if in view (the internal 
saphenous nerve being beneath the sartorius, out of view). Having 
thoroughly divided the deep fascia, the adductor mognus tendon is 
identified and drawn forward, then the semimembranosus is identified 
and drawn backward, and the artery is then sought between these 
two structures, near the bone and in considerable fatty areolar tiaHiia 



Fig. 281. — ^Ligation of Uppur Fart of Right Popliteal from Inner Side of Thigh. 

A, Anterior braneli of internal outaneoua nerve; fi. internal Haphenoua vein: C, sartorius (its 
anterior border retracted posteriorly); D, internal saphenous nerve (mainly under sartorius. out 
of E, adductor magnus (drawn anteriorly); F, semimembiunosus (drawn posteriorly); G. 

popliteal artery; H, popliteal vein (below and external to artery). 


Both the popliteal vein and nerve Ue on a plane posterior to the artery, 
and are generally not brought to view. 

Ligation of the Popliteal Artery in the Lower Part of the 
Popliteal Space by a Posterior Median Licision.— The patient lies 
as nearly prone as feasible, resting on the ride of the shoulder and 
chest ydth the limb extended. The surgeon stands to the outer ride 
of the' left limb, cutting downward, and to the outer ride of the right 
limb, cutting upward (or inside of the right limb, cutting downward). 

The landmarks are the boundaries of the popliteal space (the biceps 
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above uid the plantaris and outer head of the gastrocnemius below, 
forming the outer boundary, and the semimembranosus and semi- 
tendinosus above and the inner head of the gastrocnemius below, 
forming the inner boundary). 

The incision is about 9 cm. (3^ in.) in length, beginning at the 
middle of the popliteal space (on a levd with the taee-joint) and passing 
downward between the two heads of the gastrocnemius (Fig. 280, G). 

Incise the skin and superficial fascia. Avoid the external saphenous 
vein and external saphenous nerve in the outer aspect of the wound or the 



Fxo. 282.— Ligation of Right Poplitbal at Ix>wer.Part of Popliteal Space. 

A, Inner head of gastrocnemius (retracted inwai^; B, outer. liead of ^troenemius (drawn 
outward); C, plantaris; Dr external saphenous vein; Er commuuicans poplito nerve; F, internal 
popliteal nerve (drawn inward); G, popliteal vein (drawn inward); H, popliteal arteiy and mus- 
cuuir branches; 1, popliteus muscle. 

communicans popUtei nerve, which helps form the external saphenous 
nerve (Fig. 282). Divide the deep fascia. Expose the inner and 
outer heads of the gaetrocnemius with the sural arteries going to them, 
and retract these and the plantaris muscle to their respective ndes. 
Muscular branches of the internal popliteal nerve may be met with 
here and perhaps the posterior tibial nerve. The external saphenous 
vein is the guide to the popliteal vessels. The internal popliteal nerve 
is found the most superficial of the three important structures, the 
popliteal vein next (both crosdng to the inner side, toward which side 
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they are further retracted) and the artery deepest of all, near the 
bone and in much fatty areolar tissue. The needle is passed from the 



Fio. 283. — Inczmonb roR Ligation or Antskiob Tibial and Dobbalib Pboib Abterieb. 



side of the vein, flexure of the knee aiding during this stage. A con- 
tinuation upward of the above incision woidd amount to a ligation of 
the poplite^ artery in the middle of the popliteal space. 
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Ligation of the Anterior Tibial Artery. — ^The indications for liga- 
tion are wounds (of the anterior tibial or in the foot) and aneurisms. 

The sites of ligation are the upper and middle thirds — rarely, 
except in wounds — and the lower third, the most frequent site (Fig. 
283). 

The line of the artery extends from the inner side of the head of 
the fibula to the center of the line between the malleoli. According 
to Kocher, the line is given as extending from midway between the ex- 



Fig. 284 .— Ligation of ths Upper Thhio of the Right Anterior Tibial Artery. 

A, Anterior tibial artery; B, vente comitee; C, anterior tibial nerve; extensor cominunis digi- 
torum; E, branch of internal saphenous vein; F, tibialis auticus muscle. 

tcmal surface of the head of the fibula and the center of the tubercle 
of the tibia to the same point below. The artery passes through the 
interosseous membrane about 3 cm. (1^ in.) bdow the level of the 
head of the fibula. 

Ligation of the Anterior Tibial Artery in Its Upper Third.— The 
patient is suifine, with the leg extended and rotated inward. The 
surgeon is on the outer ade, cutting from above downward on the 
right, and vice versA 

The landmark is the line of the artery. 
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An incision about 7.5 cm. (3 in.) in length is made in the line of 
the artery, beginning about 2.5 cm. (1 in.) Mow the head of the fibula 
(Fig. 283, A). 

Incise the skin and superficial and deep fascia. Define the gap 
between the tibialis anticus, internally, and the extensor longus digi- 
torum, externally, and retract these structures to their respective sides 
(Fig. ^4). Open up this interval, flexing the foot to relax the parts. 
Aim to reach the external aspect of the tibia, covered by the tibialis 
anticus, and when reached, follow down to the interosseous membrane. 




upon which the artery will be found (Fig. 285). Thetwo vens comi^ lie 
in very close contact, in front of and behind the artery. The anterior 
tibial nerve may not yet have reached the outer side of the artery. 
If the venae comites be not separable, include them in the lij^ture. In 
conclusion, it may be said that the interval between the tibialis anticus 
and extensor longus digitorum is the key to the situation and is rather 
hard to find. The outer edge of the tiWalis anticus often oyeriape 
the extensor longus digitorum. And also one may get into the septum 
between the extensor longus digitorum and peroneus longus and work 
down toward the fibula. Guides to the proper intermuscular gap. 
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accessory to the sensation of touch, are the “white line” (sometimes 
visible) and a small artery leading to the anterior tibial. 

Ligation of the Anterior Tibial Artery in Its Lower Third. — ^The 
position of the patient is the same as for the above operation, except 
that the foot is not rotated inward. 

The landmark is the line of the artery. 

An incision from 5 to 7.5 cm. (2 to 3 in.) in length is made, with its 
center over the center of the lower third of the leg (Fig. 283, C). 

The skin and fascia are incised. Clearly identify the tendon of the 
tibialis anticus. Divide the upper part of the superior band of the 



Fzo. 286. — Ligation of Lowsb Third of Right Anterior Tibial. 

A, Tendon of tibialis antioua, retracted inward; fi, extensor proprius liallucis, retracted out* 
wanl; C, extensor lonRUs diKitorum; D» annular ligament; B. anterior tibial artery and branches; 
F, F, anterior tibial venic cdmites; Q, anterior tibial nerve; H, inner branch of musoulooutaneous 
nerve; I, branch of internal saphenous vein. 

anterior annular ligament in the line of the wound (Fig. 286). Demons 
strate the interval between the tendon of the tibialis anticus and the 
tendon of the extensor proprius pollicis, flexing the foot and retracting 
these tendons to their own side. The anterior tibial artery will b^ 
found between them, lying upon the aLterior aspect of the tibia and 
held dovni by fatty areolar tissue, accompanied by two venae comites 
and with the anterior tibial nerve on the outer side. Pass the 
needle from the nerve. In closing the wound, suture the anterior 
annular ligament. Note, if the artery were ligated after passing be- 
neath the obliqudy crosring extensor proprius pollicis, it would then 
have the tendon of the extensor proprius pollicis to its inner side and 
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the innermost tendon of the extensor longus digitorum to its outer 
side. 

Ligation of the Posterior Tibial Artery.— The indications for 
ligation are wounds and aneurisms. 

The sites for ligation are the upper third, not frequent, difficult 
because of its depth; the middle thhd, the same; the lower third, the 
most usual site; and behind the ankle, also a common site (Fig. 280, 
H, I, J, K). 

Ligation of the Posterior Tibial in Its Middle Third.— The 

patient lies in the supine position, with the knee flexed and the leg 



Fio. 287 .— LioatiohofJIiddlbThibdoi-BiobtPostwuobTiiiiau 

ihenoiu nerve; C, eoleua, ineued vertically, aiid 
itrocnemiue etronjily rrttacted outwarf, 
itonim; G. Ubialie poeticue; H, posterior 


A, Internal saphenous vein: B, internal sayhenc^ i 
mawns of incision well ratmcted; U, iMer hm of aast 
E, transverse inteimusoiilar f^a; F, flexor longus ™ 

artery; Ii Ii posterior tibial venflB conutes; J, posterior tiDial nervoi 


on the outer side. The surgeon stands to the outer side, cutting down- 
ward on the right and upward bn the left. 

The landmark is the inner margin of the tibia. 

The incision is made about 7.5 cm. to 10 cm. (3 to 4 m.) in 
length, placed parallel with and 2 cm. (f in.) behind the inner margin 
of the tibia, along its middle third (Fig. 280, 1). 

Incise the skin «id superficial fascia. Avoid the mt^ “ft " 
vein and the internal saphenous nerve (Kg. 287). 
fascia. The inner edge of the gastrocnemius should be identified e 
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and retracted outward. Having gone through the deep fascia the 
soleus is exposed, and is to be divided along its attachment to the 
tibia and its outer part retracted. The transverse intermuscular 
fascia (between the superficial and deep muscles of the back of the leg) 
is now in view, and is incised in the axis of the limb, whereby the 
flexor longus digitorum is reached, and by following along the surface 
of this muscle until nearly opposite the outer border of the tibia the 
vena comes interna, posterior tibial artery, vena comes externa, and 
posterior tibial are met in order, lying upon the tibialis posticus, or 
between it and the flexor longus di^torum (Fig. 288). Pass the needle 



Fig. 288. — Ckobb^ctiqn of the Middle of the Right Leg. 

A, Tibialis anticus; B, extensor longus digitorum; C, extensor pollicis; D, anterior tibial artery, 
vein, and nerve; E, perond: F, tibialis posticus; Q, long swhenous vein and nerve; H, flexor longus 
digitorum; 1, posterior tibial artery, veins, and nerve; J, soleus; K, .gastrocnemius; L, peroneal 
artery and veins. (Cross-section modified from Braune.) 


from the nerve, including the vense comites, flexing the knee and foot 
to relax the structures. An important part of the technic is that the 
knife should be held at a right an^e to the surface of the muscle in 
cutting through the soleus, pointing toward the tibia until the trans- 
verse fascia is reached, and thereby wandering too deeply or in the 
wrong direction is less likely. If one incise too near the tibia the flexor 
longus di^torum will be divided and the interosseous membrane reached. 
While incising the soleus, do not mistake its central membranous tendon 
for the transverse intermuscular fascia. The artery lies about 3 cm. 
(1^ in.) external to the inner border of the tibia. 
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Ligation of the Posterior Tibial Behind the Internal Malleolus. 

—The position is the same as for the ligation of the middle third. 

The landmark is the internal malleolus. 

An incision is made about 6 cm. (2 in.) in length, placed about 
1.3 cm. (J in.) posterior to and parallel with the inner malleolus 
(Fig. 280, K). 

Incise the skin and superficial fascia, during which branches of 
the internal saphenous vein are encountered (Fig. 289). Expose the 
internal annular ligament and divide it over the vessels, the artery 
being found in the interval between the flexor longus digitorum and 
the flexor longus hallucis, surrounded by its venae comites and with 
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Fio. 289. — LiaATioN of Right Pohtmsiob Tibial Bbhxnd Internal Malleolur. 

A, Branch of internal eaphenoue vein ; B, branch of internal aaphenouH nerve; G, internal annular 
ligament (indaed); D, tendon of flexor longue hallucia: E, tendon of flexor longua didtonun; F, 
tendon of tibialis posticus; G, posterior tibim artery; H, Ht posterior tibial venn comites; I, pos- 
tenor tibial nerve. 


the nerve upon the fibular side. The point of the knife should be kept 
toward the tibia in making the inciaon. Avoid opening the sheaths 
of the tendons. Behind the internal malleolus and the posterior surface 
of the tibia are four compartments, which, passing from the tip of the 
malleolus toward the heel, are— first, a cand in the annular ligament 
for the posterior tibial muscle tendon, a second canal for the flexor 
longus digitorum tendon, a third space occupied by the posterior tibial 
artery, its ven» comites, and the posterior tibial nerve, and a fourth 
canal for the flexor longus hallucis (Fig. 290). 

Ligation of the Peroneal Artery.— The indications for ligation 
are rare, except for wounds, when the vessel is cut down upon at the 
point wounded. 
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Where the vessel is deliberately exposed for ligation the site usually 
selected is its middle, the upper part being but rarely exposed, owing 
to its depth. 

The line of the artery extends from the middle of the popliteal space, 
on the level of the lower border of the tubercle of the tibia, arching 
slightly outward and then downward along the inner border of the 
posterior surface of the fibula. For the purposes of ligation the artery 
is represented by a line from the posterior border of the head of the 
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Fig. 200.'-GitoB8-BBCTi6if of tbb Right Lbo Jobt Abovb thb Ankle. 

A. Extensor proprius pollicis: anterior tibial vessels and nerve; C, peroneus brevis; D. per- 
oneus lon^s; E, flexor loii^is polUois: F, tibiiUis antieus; extensor proprius pollicis; H, tibialis 
posticus; I, flexor lonims diicitorum; J, posterior tibial artery, veins, and nerve; K, tendo Achillis. 
(Cross-seotion modified from Braune.) 

fibula to a point midway between the external malleolus and the outer 
margin of the tendo Achillis. 

Ligation of the Peroneal Artery in the Middle of the Leg.— The 

patient lies on the shoidder and chest of the opposite ride, with the 
knee flexed and the leg on the antero-internal surface. The surgeon 
stands on the outer ride, cutting from below on the right and from 
above on the left. 

The landmark is the external border of the fibula. 

An incision about 7.5 cm. (3 in.) in length is made, parallel with and 
just behind the external border of the fibula, with its center over 
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the middle of the leg) which falls behind the peronei muscles (Fig. 
280, L) . 

Incise the skin and superficial fascia. Branches of the external 
saphenous nerve and external saphenous vein are apt to be encountered 
here (Fig. 291). Expose the soleus (which at this site no longer arises 
from the fibula) and retract it upward and inward (incising its lower 



Fi«. 201.— LiQATioN OP Right Peroneal in Midulb op Leg. 

A, Branch of external eaphenous nerve; B, branch of external HaphenouH vein; C, castrocne- 
mitiH, retiucied inward; D, D. aoleua, retracted upward and inward; E, peroneuH lorusus; F. pcr- 
oneua brevis; G, tibialis posticus; H, flexor longus hallucis, incised, showing roof of aponeurotic 
canal inclosing vessels; I, peroneal artery; J, peroneal venic coraites. 

fibers if any be found attached to the fibula at this height). Divide 
the deep fascia behind the peronei. Expose the flexor longus hallucis 
and incise through its thickness, close to the fibula, until the fibrous 
canal of which it forms the roof is reached. Divide the aponeurotic 
canal and expose the artery lying near the fibula, with its venae comites, 
pasang the ligature from the most convenient aspect (Fig. 288). 


CHAPTER LXXIV. 


OPERATIONS ON BONES AND JOINTS. 

By Jambs Pbtrb Warbabsb, M.D., 

DROOKLTH, NBW TOHK. 

GENERAL OBSERVATIOI^ 

In operating upon bone the surgeon should keep in mind that 
osseous tissue is made up of two-thirds earthy matter, which sur^cally 
is comparable to a foreign body. So iong as there is no infection, this 
large amount of inorganic matter lies in normal relation with the 
organic cells, but when infection of bone with iititating bacteria takes 
place, the eaithy material becomes most objectionable foreign matter, 
acting as an harbor for infecting organisms, into which the phagocytes 
cannot penetrate, and provoking irritation by its mechanical presence. 
The tendency of the inflammation is to continue until the necrotic 
bone has become broken down and absorbed or exfoliated in mass or 
in solution. Because of the meager resisting power against infection 
possessed by bone, and because of the prolonged destructive process 
which is started by infection, care to guard against such infection is 
imperative. 

In the long bones the vitality of the bone depends upon its relation 
to the periosteum and marrow. These two structures should be 
respected. In young persons the periosteum will regenerate new bone, 
and this property often may be used to the great advantage of the 
patient. 

The involucrum, or deposit of new bone which springs up from 
the periosteum about the necrotic sequestrum, is at first poor in earthy 
material and, therefore, very pliable and easily broken. 

The operation of elevating the periosteum, with the view of saving 
it, is worthy of special consideration. It is important that the operation 
be begun right. This requires that the periosteum should be cleanly 
and stronj^y incised; a sharp-edged elevator (not a blunt instrument) 
should be used; the elevator should be kept close to the bone, working 
its way under the periosteum, which should be elevated untom, carrying 
with it some of the bone, if necessary. It should not be scraped off 
and tom into shreds. At points where it is particularly desirable to 
preserve the periosteum or the muscular attachment into the perios- 
teum, a thin shell of bone may be chiseled <^. In the excision or 
curetting out of carious bones the interior of the bone may often be 
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wholly lemoved and the periosteal shell left. This should be done 
whenever practicable. 



In operating for acute inflammation in bone a pointy of tendemera 
can often be discovered before the patient is anesthetized, and this 
will represent the location of the disease. A sand-bag should be inter- 
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posed between the soft parts and the table when bone is chiseled, to take 
up the jar of the mallet and prevent traumatism to the opposite side 



lu, Binugni Done-cutung lorceps; n, Aaanw au, auKum .w. 

Not shown: SdsBon, hemostats, needles, wire, suture xnatenals, anatomic foTMB, toothed for- 
ceps, mouth-gag, tracheotomy tube, bone-nails, Gigli sponge-holders, and dental lorcQps. 

of the limb. The surgeon should have well in mind the anatomy of 
the structures lying in relation to the bone, and also the location of 
epiphyseal lines in the young. 
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While t 3 rpical operations are described, the performance of such 
operations is not to be aimed at. The surgeon should treat each case 
according to its peculiarities. Modern therapeutic measures are 
greatly reducing the necessity of mutilating operations upon joints 
and bones. When sinuses exist, which it is desirable to follow up to 
their origin, methylene-blue solution injected into the lumen produces 
a deep blue stain of the sinus wall, which enables the surgeon to follow 
it during the progress of the operation; a bismuth-vaselin paste also 
will show the sinus in a skiagraph. After operations on bones of the 
extremities it is well to elevate the part in order to minimize conges- 
tion and pain. Suture of bone is accomplished by means of chromi- 
cized catgut, silver wire, nails, rings, and the ordinary suture materials. 
The instruments employed upon operations on bones are shown in 
Figs. 292 and 293. 

OPERATIONS FOR PERIOSTEITIS, OSTEITIS, AND OSTEOMYELITIS. 

Periosteitis* — Periosteitis, with elevation of the periosteum by 
infective products, requires incision, which should be made parallel 
with the long axis of the bone. This incision should be made usually 
over the point of greatest tenderness, and should supply free and 
perfect drainage. 

Osteomyelitis.— Operation in the acute stage of osteomy- 
elitis, during the first forty-eight hours, is the operation of choice 
and should be practised whenever possible. If operation can be done 
at this early stage, the extensive destruction of bone which so commonly 
results from this disease can be averted. The limb should be emptied 
of blood by elevation, and the Esmarch bandage applied, jumping over 
the diseased part without compressing it, and the hemostatic constriction 
made well above the seat of disease. If periosteitis has developed, 
the bone should be exposed at that point. The periosteum should be 
incised to the full extent of its infiammation. It should carefully be 
stripped up from the bone, held apart by retractors, and the bone 
examined for openings through which pus is escaping frem the marrow 
cavity. If an opening is found, the trephine or chisel should be applied 
at this place and the medullary cavity opened. If no fistulous opening 
is discovered, the medullary cavity should be opened at the most 
convenient point in the wound. When this operation is done early 
enough the medulla will be found inflamed and infiltrated with pus, 
but not destroyed. This inflamed medulla should not be curetted or 
disturbed. The simple opening for drainage of the bone canal should 
suffice to check the progress of the disease) and the earlier this operation 
is performed the less will be the subsequent destruction of bone. Upon 
opening the canal, however, if broken down and disintegrated medulla 
is discovered, or if the medulla is found to be displaced by pus, the 
bone covering this area should be removed up to the point where 
simply inflamed, but not disintegrated, medulla is found. The old 
practice of curetting out inflamed medulla cannot be condemned too 
stron^y. The disease is a cellulitis, and the object of operation should 
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be to save as much tissue as possible. Free drainage, just as in cellulitis 
in other tissues; and not the removal of the inflamed stractures, is 
the important thing. This medullary tissue plays too important a 
r61e in the economy of the bone to be sacrificed. Its friability and 
the ease with which it can be removed are no criteria of its importance, 
any more than are the same qualities in cerebral tissue. It should 
always be borne in mind that the vitality of the bone depends upon 
the periosteum and the medulla, and that the bone does not perish 
until these become separated from it. All operations for osteomyelitis 
should aim to preserve these two tissues, and to do so we may sacrifice 
as much bone as is necessary. Inflammatory products, confined 
under the pressure of the unyielding bone, rapidly destroy the medulla; 
and under the periosteum, until evacuated, they rapidly strip it up 
from the hone. The cavity of the bone having been opened, a rubber 
drainage-tube or a very loose capillary drain is inserted through the 
soft tissues down to the bone, and the wound left open or, if large, 
partially closed by suture and covered with a copious, moist, absorbent 
dressing. 

The ideal operation for this disease is done in two stages: the first 
for drainage of the medulla, as soon as the diagnosis is made; the second 
during the subacute stage, for the removal of necrotic bone. 

Operation in the subacute stage of osteomyelitis, after spon- 
taneous evacuation of the medullary pus, is performed to the best 
advantage usually about two months after the acute onset. This 
can be done in the case of bones having a parallel fellow to act as a 
splint. At this time new bone is well advanced in development from 
the periosteum, where it has become separated from the old bone; 
a sequestrum may be present; and, if the death of bone has been exten- 
sive, demarcation is well defined. Esmarch anemia should be produced. 
The soft parts and the periosteum should be divided down to the necrotic 
bone. It is well to make the incision near the sinus opening, or to. 
follow the old line of incision if the operation is a secondary one. The 
periosteum, the inner surface of which will be found covered with new 
bone, should be elevated whole from as much of the shaft as is necrotic. 
It should be retracted with the soft tissues, and the naked.bone exposed. 
Any sequestra which are present should be lifted out, and the dead 
bone which is still attached should be removed. It will be observed 
that the dead bone is pale in color, does not bleed when cut, and is 
separated from its periosteum. In the case of the long bones this is 
best removed with the chisel and mallet. The operation should be 
carried in each direction until healthy bone is reached. laving bone is 
recognised by the presence of minute bleeding points, representing the 
divided blood channels. The surgeon should not expect free hemor- 
rhage from the bone, he should stop at the first evidences of vitality, 
bearing in mind that the Esmarch method minimizes the show of 
blood. If the whole diaphyris is necrotic and is removed, profuse 
hemorrhage often takes place from the interior of the involucral shell* 
This is best controlled by packing with iodoform gauze. 
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As an operation of preference in osteomyelitis of the tibia, Nicholas 
advises proceeding as follows: The healthy remaining bone above and 
below is beveled so as to end in a wedge, unless the epiphyseal line 
renders it impossible. The periosteal new bone casing, after the 
removal of the dead shaft, is disinfected with phenol, followed by 
alcohol. This tube of periosteum is then caused to collapse, and 
its cavity obliterated by holding the opposed surfaces together with 
a few interrupted sutures of chromic gut. The soft parts are then 
loosely closed with some provision for 
drainage (Fig. 294). 

In the case of the femur and humerus 
this operation cannot be done to good 
advantage. In these bones it is well to 
leave the diaphysis until the new peri- 
osteal bone has become strong enough 
to support the limb. Often, however, a 
radical operation may be done and the 
fragile bone-shell preserved by applying 
the same splint apparatus as would be 
employed in the treatment of a fracture 
of the particular bone. The he^t results 
arc secured in the case of either of these 
bones, if the whole diaphysis is necrotic, 
by freely exposing it and laying open 
the medullary canal or chiseling fenestra 
into it at freqpent intervals. This gives 
drainage, and the sequestrum remains 
as a splint until the involucrum has be- 
come sufficiently strong. 

Operation in the chronic stage of 
osteomyelitis is done when the necrotic 
shaft is broken down, the new periosteal 
bone is thick enough to support the limb, 
and often hard and ebumated, and 
when there may be present dense deposits 
of endosteal bone. It is in this stage 
that operation is usually performed, and to this the term ‘‘seques- 
trotomy” belongs. It was formerly the custom to expose the bone 
at the sinuses, enlarge the opening sufficiently to remove the sequestrum, 
scrape out the cavity, and pack it with iodoform gauze. In the case 
of very small bone cavities this method is still the best. In the ordinary 
large cavities, however, on account of the great slowness with which 
the new periosteal bone or involuctum grows into the defect from 
which the sequestrum was removed, and on account of the fact that 
by this method small sinuses leading to other sequestra are apt to be 
overlooked, giving rise to long-continued suppuration and often re- 
quiring subsequent operations, the old method has been supplanted 
hy more radical measures. These measures for healing the defect 
VOL. V— 47 



Fio. 294. — ^Treatment of Obtbo- 

MTBLITIB IN THE SUBACUTB StAQE. 

(After Nidiolas.) 

Showing middle segment of bone 
removed, healthy bone ends made 
weto shaped, and periosteum lat- 
erally approximated. 
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in the bone, resulting from the disease and from the operative removal 
of the dead bone, may be described under the following headings: 
(1) Autoplastic Operations with Soft Tissue; (2) Autoplastic Operations 
with Bone; (3) Bone-grafting and Transplantation; (4) Aseptic Bone- 
cavity Filling. 

The ingenuity of surgeons has devised many methods of treatment, 
but only the most important will be described. Each case is peculiar, 
and practical familiarity with the principles of surgery is a^lutely 
essential for success, These operations are all done to the I)est advan- 
tage with the limb rendered anemic by the method of Esmarch. It 
should be understood that there is no sharp dividing line between the 
subacute and chronic stage of the disease, and any of these proced- 
ures may be applied in the former, provided the limb is supported so 
that the involucrum is kept immovable during the healing process. 

Autoplastic Operations with Soft Tissue. — The bone cavity should 
be completely unroofed; that is, the involucrum should be cut away with 
chisel and rongeur throughout the whole length of the cavity on the 
wound side of the bone, to such an extent that the remaining trough 
represents nowhere more than half a circle. This bone trough should 
be thoroughly scraped out with the curette. Sharp and rough edges 
of bone should l)e removed because of the tendency of projecting points 
to fall into decay. A search should be made for other sinuses, espe- 
cially small ones. These should be laid open freely. It will often l)e 
found that such sinuses lead out to the opposite side of the bone and 
end under the soft tissues. Invariably a periosteitis has existed at 
such places and often a superficial sequestrum will l)e discovered. It 
is well at such points to lay open the soft tissues to the surfao,e, and 
introduce a drainage-tube down to the bone, after having removed any 
dead bone which may be present. Very commonly, however, these 
places heal without making the additional opening through the soft 
tissues. 

The cavity should now be sterilized by means of pure phenol applied 
for two minutes, followed by alcohol, and then a washing out with salt 
solution. There are other measures for rendering bone cavities aseptic 
which the choice of the. surgeon or the circumstances of the case may 
prompt him to adopt. Filling the cavity with olive oil and raising 
the oil to a temperature of 212*’ F. by the thermocautery; conducting 
live steam by a rubber tube into the bone, the surroimding tissues being 
well protected by cold wet compresses; filling the cavity or swabbing 
it out with tincture of iodin, if it is not too large, and washing this 
out immediately with alcohol; irrigation with formaldehyd and other 
antiseptic solutions— all of these methods have proved efficient. It 
should always be borne in mind that treatment such as this, while it 
destroys bacteria, also leaves a layer of devitidized tissue lining the 
wound, and if it is desired that transposed living tissue shall grow 
adherent to the wound surface, it is best to defer the transposition imtil 
it can be made against aseptic granulations. Therefore, after such 
sterilizations, the best success is secured by packing the cavity witi> 
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gauze and awMting the devd.opment of a layer of granulation tissue. 
By this means a layer of vascidar soft tissue is secured, and an oppor- 
tunity is afforded for the elimination of necrotic particles. If the 
cavity with the whole leg is kept dressed under scrupulous conditions 
with copious wet srit solution or borosalicylic dressings, H e a n granula- 
tions wffl be secured, which will require no further chemical treatment. 
After granulations have appeared, before proceeding with the plastic 
operation, the cavity should be washed out with salt solution; but the 
granulations should not be traumatized or made to bleed with either 
sponges or instruments. The surgeon may then proceed to cover these 
granulations by flaps of skin turned in from the neighboring surfaces, 
or by skin-grafts. If neighboring attached skin is simply turned down 
into the bone excavation, the operation may usually be completed suc- 
cessfully at the first stage; but if grafts or skin, swung about upon a 
pedicle, are employed, the presence of healthy granulations adds much 
to the insurance of success. 

If the bone cavity is not deep and the surrounding skin is in gootl 
condition, the skin may be dissected up on cither side for the length 




Fifj. 295. — Skin Turned into Bone 
Cavity, held by Nailb and Gauze. 


Fio. 206.— Skin Turned into Bone Cavity, 
HELD WITH SU'rUKES AROUND BoLRTERB 

OK Gauze. Gauze Pac:kino. 


of the wound and simply turned down into the bone trough. It may 
be held here by bone-nails and a light gauze packing (Fig. 295). Mat- 
tress sutures are also of service (Fig. 296). Pediculate flaps may l)e 
turned in and held in place in the same manner. In cases in which 
there is a large cavity it is wise not to attempt too much at one sitting. 
The plastic operations may lie done to advantage at intervals. Flaps 
for this purpose may be taken from the other leg when no other skin 
is available. 

Autoplastic Operations with Bone. — ^These operations are pro- 
ceeded with as above, except that as little of the new bone as possible 
is removed, only enough for the removal of sequestra and the clewing 
of the cavities. The best results are procured here also by operating in 
two stages, although immediate completion of the operation may success- 
fully be done in one stage. One or both sides of the involucrum may 
be separated above, below, and longitudinally by the saw and chisel, 
and turned into the cavity. This is essenti^y the construction of a 
flap of soft parts and bone. By such an operation the sides of the 
involucrum may be made to collapse and obliterate the bone cavity 
(Fig. 297). It is the most satisfactoiy of all the osteoplastic methods. 


74U OPERATIONS ON BONES AND JOINTS. 

Bier has described an operation whereby all of the invblucrum is saved. 
By this method the cavity is uncovered by marking out a quadrilateral 
flap, corresponding in length with the length of the cavity. The soft 
tissues are incised, and in the same lines the bone is divided with 
chisel and saw. A skin>periosteum-bone flap is elevated as a valve, 
the cavity of the bone cleaned out and sterilized, 
and the flap sutured back in place (Figs. 298 




Fio. 297.— Lonqitudinal Fractuke Method of Obliterati.nu Hone Cavity. 

I. 8, Seciucntrum; C. cIobgr: AB, BD, planes to be ehiseled. II. Showing cleaned out involucrom. 
111. Involucnim fractured longitudinally, cloeed up. and wire<L 


and 299). The cavity fills with clot; which becomes organized and 
penetrated by osteoblasts. The success of this operation depends upon 
its asepticity; and the difficulty of rendering these wounds with sinuses 
clean at one sitting demands that the operation be done in two stages. 
If this modification is applied, it 
becomes the ideal procedure, al- 
though it is applicable to com- 
paratively few cases. 



Fkj. 298.— Bier's Bone-flap Method op Thbating Bone Cavities. 

At Linen of divimon. B, Flap held back with zetractorand cavity exposed. 

Bone-grafting and Transplantation. — ^By this operation living bone 
is transplanted, with its vital connections not divided, to fill the defect 
in another bone. The operation in which detached fragments of bone 
are employed cannot properly be described under this head. Bone 
may be transplanted from the patient or from another animal. . The 
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general principles of surgery and the ingenuity of the surgeon are called 
upon to solve each problem separately. A few illustrative methods 
may be given. 

T. W. Huntmgton* treated a defect 6 inches in length in the 
middle of the tibia by sawing the fibula in two in such a way that the 
upper end of the lower fragment of 
the fibula was fitted into a depression 
made in the lower end of the upper 
segment of the tibia; nine months later 
the fibula was again sawed through at 
its lower end, and in a similar manner 
fitted into the upper end of the lower 
segment of the tibia. Solid l)ony union 
was present in four months after the 
lost operation, and a year later this 
transplanted middle segment of the 
fibula was discovered by the a;-ray to 
have enlarged to the size of the other 
tibia, and a strong and serviceable leg 
was the msult. In a similar case I have 
split off a longitudinal segment of the 
fibula and bent it into a defect in the 
tibia; and B. F. CuitLs" reports having 
cut out a section of fibula, leaving it 
attached to the muscle and fascria, st'p- 
arating the intervening tissues, and 
placing it in a gap in the tibia. 

In a case in which them was an ex- 
tensive defect in the continuity of the 
tibia with ankylosis of the knee, N. Senn* 
turned down a pedicled flap containing 
the patella and fixed the latter to the 
upper end of the lower segment of the 
tibia. The defect was larger than the 
patella, and the operation was com- 
pleted, after bony union had taken 
place, by bisecting the patella longi- 
tudinally and hiding up one of the 
halves into osseous contact with the up- 
per segment of the tibia. Solid. union 
was secured in all the bony appositions. 

Bardenheuer* transplanted the spine of the scapula into a defect of the 



Fio. 200 .— Bibr’b URTi»n.A8Tic Rh- 

SECTION OF THE InVOLUCBUM. 
Flap turned back and cavity cleaned 
out. 


upper end of the humerus. 

Phelps, Morton,* and others have filled the defect in the tibia by 
exposing a bone in a dog’s leg, turning out a flap containing a sufficient 
length of bone to fill the gap, and suturing it in place, holcfing the 
dog's leg to that the patient by plaster dressing, and severing the 
flap from the dog after union had taken place. The newer methods 
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of operation, which have proved so successful, render such a difficult 
procedure as this unnecessary. 

Aseptic bone-cavity filling is applied to cavities which are the 
i*esult of injury, aseptic operation, tuberculosis, and to osteomyelitic 
cavities which have previously been cleansed and become lined with 
clean granulations, and to cavities which can be sterilized by the 
methods described above under autoplastic operations with soft 
tissue. The operation is not applicable to acute infective or sup- 
purative cases. Many methods for the filling of bone cavities with 
foreign material have been devised. Detached fresh bone should 
be classed among these materials, for in the light of modern knowl- 
edge its use cannot be spoken of as bone-grafting. When a piece of 
bone, whether fresh or old, is detached from its vital connections and 
implanted elsewhere into a bony defect, it becomes dead material and 
is amenable to the laws which govern the presence of foreign bodies 
under such circumstances. If the microorganisms of suppuration 
are present, it acts as a foreign body, and suppuration will continue 
until it is removed. If it is covered in under aseptic conditions and 
has about it osteogenetic tissue, the process of new connective-tissue 
growth goes on until it becomes firmly incorporated in the new tissue. 
Its proteid cells break down and are absorbed, and the earthy frame- 
work which remains serves as a scaffolding into which the new tissue 
continues to grow. As the interstices become invaded by the new 
tissue, which histologically is the same as callus, the osteoclasts take 
up the solid material of the foreign bone, and thus, as an organized 
structure, it disappears. In the new tissue which replaces it osteogenesis 
progresses until it is transformed into new bone. This process is 
essentially the same if some substance other than bone is used. The 
materials which best lend themselves to this operation are bone chips, 
blood-clot, sponge, and substances which are wholly or partially capable 
of l)eing absorbed, thus furnishing a support to the newly growing 
bone-making tissue. The l)est substances for surgical use are those 
having interstices or those which am mechanical mixtures of ingredients 
of different degrees of absorbability. When a cavity is filled with 
these substances, if there is not enough skin or soft tissue to cover it, 
it may be covered with a layer of silver-foil or rubber tissue. 

SchedeClot (Plate II.), — The first operation devised for this aseptic 
cavity filling was that of Schede. He covered the sterilized bone cavity 
and permitted it to fill with blood. This coagulates, and the clot 
becomes penetrated by the new tissue and absorbed, just as implanted 
bone does. Although it is still much used and is a valuable expe- 
dient, it has the disadvantage that absorptioii goes on more rapiffiy 
than bone building. The success of the Schede clot operation, like 
all of the expedients for cavity filling, depends upon the asepticity of 
the operation. The bone cavity must be sterilized and allowed to fill 
with blood. If it is lined with clean granulations, these may be incised 
or scraped to provoke bleeding. Often the operation is done immedi* 
ately after removing dead bone, but with less promise of success than 




ScHBi>E Cm; 
, showing cavity in tib 
in by deep suture of t 




OPERATIONS FOB PEBIOSTEITlS| OSTEITIS, AND OSTEOMYELITIS. 743 


when performed as a secondary operation. Even the bacteria of the 
air threaten the success of this operation, and every precaution to 
exclude micro6ganisms must be employed, not only at the operation, 
but also at the first dressings. 

The technic of hone transference from another tininiitl is briefly 
as follows: Under scrupulous asepsis the previously sterilized bone 
cavity is exposed. It is best that a tourniquet be not emplo 3 red, in 
order to obviate the danger of having the transferred bone separated 
by blood after the wound is closed. The bleeding should be checked 
before the introduction of the transferred bone. The most convenient 
animal is a young dog. The required length, e. g., of the humerus, is re^ 
moved by cutting forceps, the muscle is stripped from the bone, and it 
is immediately transferred to the waiting cavity, and the soft tissue is 
closed over it without drainage. It is not necessary that this piece 
of bone be thick, indeed, it is doubtful if as good results are secured 
with large as with smaller bones. An advanta^ous modification of 
this operation consists in splitting the fragment into several longitudinal 
pieces. This gives the connective tissue a* l)etter oppoHunity to pene- 
trate. After the closure of the wound the limb should be put up in 
plaster-of-Paris or a splint to insure immobility of the parts. 

Bane chips are prepared as follows: The tibia or femur of the cow 
is sawed into strips about i inch in thickness. These strips aio 
freed of periosteum and marrow and immersed in a 10 per cent, 
solution of hydrochloric acid in water. This solution is changed daily 
for ten days. The strips are then washed in sterile water, followed 
by alkaline solution, and stored in a solution of ether saturated with 
iodoform. Before using, the ether should be washed out with alcohol. 
These strips may be cut into the desired length and the cavity filled. 

Senn’s hone chips are made from the compact substance of the long 
bones of the cow, cut into cubical pieces about i inch thick. These 
are decalcified in a 50 per cent, solution of hydrochloric acid for ten or 
fourteen days; they are then washed in weak alkaline solution, and 
preserved in absolute alcohol. When used, they are cut into small 
chips, sprinkled with sterilized iodoform powder, and packed into the 
cavity. 

Offccr dbsoihahle materials, such as catgut, cellulose fiber, sponge, 
and ivory; and naprobsorhcMe materuds, such as celluloid perforated 
hard rubber, metfds, and plasterof-Paris, have been used. Brabant^ 
reports the successful employment of copper anudgam, which was 
pressed against the sides of a large cavity until the whole surface was 
covered. 

No method of filling sterile bone cavities has met with greater 
success than the method of Mos^-Moorhof,* of Vienna, which was 
reported in January, 1903. The material used consists of 60 parts of 
iodoform, 40 parts of spermaceti, and 40 pgrts of oil of sesame. These 
ingredients are mixed and slowly heated to 100“ C., and, when allowed 
to cool, form a soft solid which remains solid at the temperature of the 
body. When using it, it is heated to 50“ C., being constantly stirred to 
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keep the iodoform evenly distributed, and poured into the bone cavity, 
where it immediately solidifies. Its constituents are such that* it is 
slowly absorbed after the manner of implanted bone, being permeated 
by new connective tissue which undergoes ossification. Mosetig- 
Moorhof in his technic employs the Esmarch bandage to render the 
limb anemic. He cuts away sinuses and diseased skin. He insists 
that the cavity be lined with healthy bone, that the soft parts be thor- 
oughly freshened, and that the cavity be both sterile and dry. He 
cleans it out with the chisel and scoop, washes with salt solution, and 
sponges the walls with a 2-per cent, formalin solution. This is followed 
by a hot-air blast for the purpose of drying. The filling is poured in 
from a bottle, the periosteum is closed with catgut, and the integument 
with fine silk. Jmsberg" overcomes the tendency of the filling to remain 
fluid and to become extruded from the cavity, by cooling it down to 
the consistency of putty, and then putting it into the cavity. This 
also helps to control oozing. It is best to remove the Esmarch con- 
striction before introducing the filling, in order that all bleeding may be 
stopped. If oozing persist, it may lie controlled by pressure, moist heat 
or the cautery. 

The filling of defects due to — (1) localized caries, (2) tuberculosis, 
(3) injury, and (4). operative excisions may be accomplished by any 
of the above described methods. Autoplastic operations with soft 
tissue have the disadvantage of leaving unsightly scars and distortions 
and tend the least toward strengthening the bone. The operations 
which aim to reproduce bone are the most useful. 

In isolated chronic abscess of bone and in epiphyseal caries and 
necrosis, after laying open the cavity and scraping out the softened and 
diseased tissue, the cavity may be sterilized by 95 {)er cent, phenol, 
followed in a few minutes by alcohol, and this by sidine solution, and 
bone filling introduced according to the iniles laid down above. In 
epiphyseal disease there is often effusion into the joint, which may 
require aspiration or incision at the time of operation. 

Tvbercsdosis of bone, if not complicated by mixed infection, is most 
successfully treated by the immediate introduction of bone filling 
after the operative removal of the tuberculous bone. The filling of 
Mosetig-Moorhof, after removal of carpal and tarsal bones for tubercu- 
losis, in many cases obviates the necessity of amputation. 

After accidental compound fractures with loss of bone, autoplastic 
operation with bone is indicated, but unless the possibility of infection 
has been overcome, bone filling should not be attempted. Later, if. 
there is a defect, when aseptic conditions can be secured, any of the 
bone reproducing operations may be done. 

After operative excision of bone for tumors or other non-infective 
diseases the ideal conditions for bone plastic are present, and the 
surgeon may employ any of the above-described opemtions with the 
best hope of success. 
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RESECTION OF BONE FOR lOALIGNANT TUMORS. 

Excision of only the diseased portion of the bone has long been 
practised in cases of benign tumors, but in the case of malignant growths 
the operation has been confined to the flat bones. Until the last 
decade, most surgeons treated malignant diseases of the long bones 
of the extremities by amputation. Koenig, in 1894, called attention 
to certain giant-cell sarcomata of the medulla of long bones, which 
were so benign that he had cured them with the curette. Then came 
Mikulicz^^ in 1895 and Weisingcr^^ in 1898 with reports of cases of 
resection which showed results better than amputation, Iwcause less 
mutilation was done. Morton*® in 1898 reported two cases of excision 
of the upper end of the tibia for sarcoma. The shortening was about 
8 cm. In the same year Karewski*^ and Frank Hinds** i-epcrtcd 
similar cases. The latter case was a giant-cell sarcoma of the Icwer 
end of the femur involving both condyles. The cavity was chiseled 
and scooped out, and the interior treated with chlorid of zinc. The 
cavity filled with new bone, and at the end of two and a half years 
there was no recurrence. 

In many cascis of malignant disease we now consider excision of the 
diseased portion of the bone to Ire the best surgery. This is especially 
indicated when early diagnosis is made; and the use of the jr-ray has 
contributed much to this end. Moreover, patients come more willingly 
to operation if they know that the limb is not to be sacirificed, and 
earlier operation is thus itjndered possible. It is difficult to i)ersuade 
patients with a scarcely discernible and painless sweUing to consent 
to amputation. The operation almost invariably is deferred. But 
they will consent to excision, and for this reason its results are l^etter. 
An early excision is of more vjdue than a late amputation, for it should 
remove all of the local disease as completely as ami)utation does. If 
metastases have taken place, amputation offers nothing better than 
excision. If metastases have not token place, the sooner the tumor 
is removed the better; and it is necessary to remove only the tumor. 
In doing this, if much bone has to be sacrificed, the surgeon then 
is confronted not with a condition that threatens the patient’s life, 
but only the usefulness of the limb. To restore this be has all of the 
resources of plastic surgery; and, if he fail, the worst that can come is 
the removal of a useless member. 

The operation of excision of the long bones for malignant disease 
has been advanced to such a point by Koenig, Mikulicz, Weisinger, 
Cramer, Jenkel, Qoldmann, and others, that it is now a well-accepted 
procedure. Mikulicz has gone so far as to advocate resection in all 
cases of sarcoma of bone where the disease can be excised without 
injury to the vessels or without removal of so much tissue that the 
limb is rendered useless (Fig. 300). 

The earlier operators laid stress on the kind of tumor that the 
surgeon had to deal with. I believe that this need be given but little 
conuderation. In all cases the aim is to remove all the growth, irrespec- 
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tive of the degree of malignancy, and with as little damage to the 
parts as possible. Certain tumors, such as giant-cell sarcoma, occurring 
in the upper end of the tibia, the femur and the humerus can be removed 
by thoroughly curetting and chiseling out the bone cavity in which 
it is growing. This tumor is similar to epulis of the alveolar process 
which is best removed by a limited excision of the bone, performed with 
the rongeur or saw. E. E. Goldmann** reports 2 cases of periosteal sai> 
coma of the tibia cuited by resection. One was 
situated in the upper and middle thirds of the 
bone. Thirty centimeters of the shaft were, ex- 
cised. He then divided the fibula below its head 
and placed the upper end of the peripheral flag- 
men t in a hole bored in the upper fragment of 
the tibia. Ten weeks after the operation the 
union was so solid that the leg would support 
the patient’s weight. Two years after operation 
the fibula had become as large as the tibia of the 
other leg. In another case the tumor involved 
the lower two-thirds of the tibia, which were ex- 
cised. The fibula was divided in two places, the 
freed segment fitted into the tibial gap, and sutured. 
Complete union was present in five weeks. 

Accumulated evidence shows that in some 
sarcomata the disease can be cured by chiseling, 
preserving the continuity of the bone; in other 
cases a resection of the entire thickness of the 
bone suffices; mothers an amputation a short dis- 
tance above the disease is necessary; and in ex- 
tensive malignant growths Involving the soft tissues 
as well as the bone, exarticulation at the joint 
above the disease is imperative. The results after resection and ampu- 
tation are equally good if the tumor is confined to the bone, and 
almost equally bad if there is infiltration of the muscle. 

The operation of resection in preference to amputation is a great 
advance in operative sur^ry, and is not only destined to preserve 
limbs, but to lower the mortality of malignant disease. It is limitless 
in its field of application; it is applicable to all the bones of the extremi- 
ties. It is not only possible to resect segments of long bones, but the 
whole bone may be removed and the patient left in a more useful 
state than he could be after amputation. This is illustrated by the 
removal of the humerus and the articulation of the ulna to the shoulder, 
leaving a woman who earned her livdihood by needlework a function- 
ating hand. 

ARTHRECTfMY, ERASION, OR SYNOVECTOBy. 

This operation consists in the removal of the synovial membrane 
lining the joint. The operation may include the removal of the diseased 
ligaments and other soft structures, and the scraping or tearing away 
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of Bupetficial disease of the cartilages or bones ^ but if section of the 
bone has to be done the operation constitutes an excision. Arthrectomy 
was first practised and described by G. A. Wright." The operation 
is indicated in disease which begins in the synovial membrane, and 
before advanced involvenwnt of Irone has taken place. It is indicated 
in most of the diseases which would demand excision if allowed to go on. 
It is preferable to excision in growing children. It is indicated in 
chronic and suppurative synovitides, in tuberculous synovitis which 
resists milder measures, and in the fungous articuli of the old authors 
in which the capsule and the parasynovial tissue form a gelatinous 
mass i to f inch thick. Its advantages are that it does not inter- 
fere with the growth of the epiphysis, the ligaments about the joint 
are less damaged, shortening of the limb is not produced, and the 
dangers of the operation are less than excision. If, however, the 
operation fail to remove all the disease, and recurrence takes place, 
excision is rendered more difficult. The operation will be described 
in connection with the knee-joint, to which it is chiefly applicable. 

OSTEOPLASTIC OPERATIONS. 

Osteoplastic operations for the defects of long bones following 
disease and injury have been described under operations for osteo- 
myelitis, and the most important operations of that kind are to be found 
under that heading. There are, however, certain other methods of 
bone plastic which deserve attention, 

In the skull, after trephining, the button of bone may be replaced 
and the permanent closure of the skull expected. The zygoma is 
turned down in the flap of soft tissues in exposure of the temporo- 
zygomatic fossa, and sutured back in place. Osteoplastic resection 
of the skull is described under Surgery of the Head, Vol. III., p. 261 . 
This operation is a type of temporarj" resection, in which the bone is 
left attached to the overlying soft parts with the view of replacing it. 
The operation is practised on the spinal column to expose the cord, 
the flap containing the laminsB and spinous processes; it is practised 
upon the ribs, upon the lower jaw, in amputations to finish the bone 
ends, in rhinoplasty, and upon the bony prominences about the joints 
in operations for resection. The aim of the operation is that the 
vitality of the bone shall not be destroyed, and that the bone shall 
be replaced as living tissue. 

Osteoplastic Operations for Cranial Defects.— In order to 
fill the defects resulting from loss of portions of the cranium any of 
the operations described under Bone-grafting and Bone-filling are 
indicated. . There are also certain special operations for this purpose. 

If the opening is small it may be expos^ by a straight or curved 
incision through the scalp, the connective tissue removed from the 
dura, and from the opening, and the edges of the bone freshened. The 
trephine may then be applied to the healthy skull in the neighborhood, 
and the outer table cut through. The button thus marked out is lifted 



748 


OPERATIONS ON BONES AND JOINTS. 


up and placed in the cranial defect with its periosteum against the 
dura, and the wound closed. 

Larger defects may be filled by marking out a flap in the scalp of 
the desired shape and then sawing or chiseling through the outer table 
of the skull, and lifting this up with the flap of scalp and swinging it into 
place. B. L. Eastman** describes a case of large defect of the parietal 
bone, in which he cut out a plate from the outer table of the opposite pari- 
etal bone, removed it from all of its connections, and fitted it into the 
defect, with successful results. Carl Beck** has successfully employed a 
flap of temporal fascia and periosteum to cover cranial defects. The 
defect is exposed by a curved incision, and the scalp dissected from the 
temporal fascia. Ilie scar tissue is removed from the defect and*the 
opening slightly enlarged above to expose an edge of dura mater. 
A flap of temporal fascia, muscle, and periosteum is turned up from 
below, and the fascia is sutured to the edge of the dura, leaving the 
periosteum of the flap outermost. The scalp is then sutured over all. 
Beck reports securing in this way not only a good substitute for dura, 
but also the development of bone from the reflected periosteum. 

W. W. Keen®* has described a v'aluable method of Ailing in skull 
defects. He turns back a scalp flap and freshens with the rongeur the 
margin of the opening. Then with a gouge and mallet a number of 
pieces from the outer table of the adjiicent skull are chiseled off and 
^tributed evenly over the defc(!t. The flap of scalp is sewed in place 
over the bone chips. He has employed this method, always with 
success, in over 20 cases, the chips never undergoing necrosis, and 
eventually becoming incorporated into a solid bony plate. Areas as 
large as 6 to 7 cm. by 3 to 5 cm. have thus been treated. 

OSTEOTOMY OF THE LONG BONES. 

Osteotomy consists in the cutting of bone, but the term is applied 
usually to the operative division of a long bone for the purpose of 
correcting deformity. Such deformity is usually due to badly united 
fractures, the distortion of rickets, or certain ankyloses following inflam- 
mation. The operation was originally performed through a free open- 
ing, but since the time of von Langenbeck it has been done through 
a minute skin opening just large enough to admit the chisel after the 
manner of tenotomy. The skin incision should be made in the direction 
of the long axis of the limb. The bone is divided by means of the narrow 
chisel, called osteotome, and a mallet. The osteotome was perfected by 
Macewen, and differs from the chisel, which has only one side beveled, in 
that both sides are evenly ground. The cutting edge is from | to | inch 
in width. Osteotomes of different thickness may be used, the thinner 
being used last as the wotmd becomes deeper. These osteotomes are 
marked with the measuring grooves on the blade to determine the 
depth of the wound. The best mallets are those made of wood or 
rawhide. 

The extremity is best placed on a firm sand-bag to take up 



OSTEOTOMY OP THE LONG BONES. 


749 


the impact of the mallet. The osteotome is introduced into the 
wound, passed down to the bone, and then rotated to the desii-ed 
position. It should be held firmly in the closed hand with the inner 
side of the wrist resting on the skin, so that it is under control. It 
is driven a short distance into the bone and then rocked until it is 
loosened, and applied a little further along in the same line. It is well 
to keep the osteotome in contact with the bone, lest the location of the 
cut be lost. Gradually, in this way, it is worked along until the bone 
is divided. The osteotome should never become tightly wedged, but 
should always be kept loose by a rocking motion, both vertically and 
laterally, after each stroke of the mallet. The surgeon should have 
in his mind the important structures lying near 
the bone, and care should be exercised lest the 
chisel be driven into the tissues on the opposite 
side. The accepted practice is to carry the oste- 
otomy nearly through the bone and then to 
complete the operation by forcibly fracturing. 

Often in children it is not necessary to make a 
complete fracture. The deformity is corrected, 
the small wound dressed without suture, and the 
hone treated as a fracture. The fine saw of 
Adams is sometimes used instead of an oste- 
otome. In cases in which osteotomy is done for 
the purpose of producing a false joint, passive mo- 
tion must be continued every day from the time of 
operation, even though an anesthetic is required. 

Cuneifoim osteotomy (Mg. 301 ) consists in 
the cutting out of a wedge-shaped piece of 
bone to correct deformity too great for simple 
linear osteotomy. This is a complicated opera- 
tion and requires an incision large enough to per- 
mit the removal of the wedge of bone. Cunei- 
form osteotomy is applied in extreme deformity 
of the tibia or femur resulting from rickets. Fjo-soi.-^NEirowiOsw 

It is rarely required in old ankylosis of the 

knee with flexion. In the latter case a wedge composed of the lower 

end of the femur and the upper end of the tibia is removed, "il^e 

operation of cuneiform osteotomy is done advantageously by cutting 

out a notch in the bone with the bone chisd and then chiseling this 

larger and deeper until the desired cuneiform division of the bone is 

reached. 

Osteotomy of the Femur. — For Ankylosis of the Hip-joint. — 

This operation is indicated in cases in which there is ankylosis with 
bad porition of the thigh. The object is not to secure mobility, because 
this is rarely, if ever, accomplished, but to put the thigh in better 
position for walking. 

Osteotomy of the Upper End of the Femur. — This operation is 
done with the saw or with the osteotome. 
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Adams' operation (Fig. 302, 4) is as follows: The left thumb com- 
presses the soft tissues against the bone, the>bteadth of a linger above 
the great trochanter. At this point a long narrow-bladed knife is 
pushed in until it reaches the neck of the femur, and is then passed on 
in front of the neck, close to the bone. This incision is to make a pa^ge 
for the Adams saw, which should be introduced alongside of the 
knife before the latter is withdrawn. The neck is then sawn through 
from before backward, at right angles to its long axis. Care should be 
exercised to avoid cutting the neck obliquely. This operation is not 
applicable to cases in which the neck has lieen destroyed or deformed; 
and inasmuch as in a large proportion of the cases of tuberculous 





Fio. 302 . — Oatbotomy op the Upper Enb Fig. 303 .— K)0TEOtomy op the Lower Knr op 
OP THE Femur. tub Femur. 

.4, Onteotomy of the neck (Adarntt); O, IF, Supracondyloid osteotomy (Maoewen); 

subtrochanteric osteotomy (Gant); F, inter* 0, oblique divisioii of the inner condyle (Oi^ton). 
tronhan term osteotomy (Volktnami). 

ankylosis the neck of the bone has been destroyed, the field of the 
operation is limited. The operation is done with the osteotome through 
a small longitudinal incision just above the apex of the great tro- 
chanter. The osteotome is carried down to the neck of the bone, 
rotated to the position of a right angle to it, and the bone divided with 
a few strokes of the mallet. 

Svbtrochantervs osteotomy (Gant’s operation, Kg. 302, 6) is done 
through a longitudinal incision on the outer side of the thigh 1 inch to 
li inches below the great trochanter. The bone should be divided 
at a right angle just below the lesser trochanter, put up in extensiw 
in the corrected position, and treated as a fracture of the thigh. Volk- 
mann’s operation divides the bone between the greater, and leaser 
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trochanters (Fig. 302, V), Volkmann .has devised another operation 
by which he rounds off the upper end of the lower fragment, scoops 
out a cup-shaped depression in the gieat trochanter, and by passive 
motion secures a joint at this place. The value of this operation is 
still in question. 

The operations of Adams and Gant are usually employed for the 
correction of deformity following ankylosis of the hip in a faulty posi- 
tion, the latter having the wider range of usefulness. In all of these 
operations tenotomy and division of contracted soft parts is often 
required to secure the best results. 

Osteotomy of the Lower End of the Femur.— This operation is 
required usually for knock-knee and for deforming ankylosis of the 
knee-joint. 

Osteotomy for knock-knee (genu valgum) is performed in all adult 
cases requiring treatment and in aggravated cases in children. If the 
case remains aggravated by the fourth year operation is advisable. 
In the normal femur the epiphyseal line is on a level with the tubercle 
of the adductor magnus muscle and crosses the bone horizontally. 
In knock-knee this line is oblique, but still parallel with the articular 
surface, because genu valgum is due to a lateral overgrowth of the 
diaphysis and not of the epiphysis. 

Stipracondyloid Osteotomy of the Femur from the Inner Side (Macewen, 
Fig. 303, W). — ^This is the most generally employed of the osteotomies 
for knock-knee. The patient lies upon his back with the knee and 
thigh flexed and the thigh supported on a sand-bag on its outer side. 
If operating on the right leg the surgeon stands to the outside; if on the 
left log he stands opposite the left hip. A short incision is made on 
the inner side of the thigli J inch anterior to the tendon of the adductor 
magnus and i to f inch above the adductor tubercle. This should 
bring the middle of the inedsion on a transverse line drawn about a 
a finger’s bieadth above the external condyle. The knife is passed 
to the bone, and before it is withdrawn the osteotome is inserted. 
The osteotome is then rotated and the bone divided transversely 
above the epiphyseal line. In doing this it is well to begm with 
osteotomy on the postero-internal aspect of the bone, driving the 
osteotome forward and outward. The cut is then advanced to the 
inner side and then toward the front of the bone. The osteotome is 
rocked up and down in order to widen the cut. The posterior and 
outer parts of the circumference remain undivided, and are fractured 
after the osteotome has advanced through three-fourths of the bone. 
This operation may be done through a transverse incision, which makes 
the manipulation of the osteotome easier. After the bone is divided 
the wound is covered with a small dressing and the limb put up in the 
corrected position in plaster-of-Paris. The splint should be applied 
for about four weeks, and the child may be allowed to stand on the 
leg in about six weeks. 

SupracondyUrid Osteotomy of the Femur from the Outer Side (Fig. 303, 
W ). — ^The patient lies upon the back with the thigh and the knee flexed 
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upon a sand-bag: The thigh is adducted and an assistant steadies the 
leg. A longitudinal incision not longer than 1 inch is made 1 or 
2 inches above the external condyle. This incision is made on the 
outer side of the thigh. It is carried through the iliotibial band down 
to the bone in front of the tendon of the biceps. The osteotome is 
inserted, rotated to the transverse position, the bone divided through 
about three-fourths of its thicknesses, and the division completed by 
fracturing it. The limb is then put up straight in the corrected position. 

Oblique Division of the Internal Condyle (Ogston, Fig. 303, 0). — ^The 
point of a narrow-bladed knife is passed into the bone on the inner surface 
of the thigh about 2 inches above the adductor tubercle. The point 
of the knife, with the cutting edge against the bone, is passed forward, 
downward, and outward till the groove between the front of the condyles 



Fio. 304. — Linra ok Oatbotomy About the Knee-joint. 

Osteotomy of both condyles for knock-knee fAunandale, d); wedKe-shaped osteotomy of the 
inner condyle (Macewen, c); wedge-shaped osteotomy of the inner condyle (Ghiene, /); linear oste- 
otomy of the shaft of the femur (Reeves, cr); linear osteotomy of the tibia (Billroth, h)\ wedge- 
shapM osteotomy of the tibia (Mayer, i); osteotomy of the tibia and fibula (Schede, k). 


is reached. The joint is opened by this incision. A fine saw is passed 
down in front of the bone at the junction of the inner condyle and the 
shaft, and the bone is sawn through obliquely. This operation may be 
done even more easily with the chisel. The inner condyle is com- 
pletely detached, and by adducting the leg it is displaced upward and 
the genu valgum corrected. This operation has the decided disadvan- 
tage of opening the joint and of involving the epiphysis. 

Other operations of iete frequent utility are the following (Fig. 304): 

Osteotomy of the Tibia. — Osteotomy of the Tibia below the 
Tubei^sities (Fig. 304, h, i, k ). — ^This operation is required to remedy 
the deformities following rickets, causing knock-knee, bow-legs, or 
other distortions; and to correct the deformity of vicious union of 
fractures; and for deforming ankylosis of the knee. The bone is 
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exposed on its internal surface just below the tuberosity by a longi- 
tudinal or transverse incision, and divided from within outward by the 
osteotome. To prevent injury of the popliteal structui*e8 a thin, flat 
retractor may be passed across the posterior surface, close to the bone. 
There is less danger of injury to the peroneal nerve if the fibula is also 
divided, and still less danger if a cuneiform osteotomy of the tibia is done. 

Osteotomy of the Shaft of the Tibia —This operation is indicated 
for extreme curvatures and in cases in which osteoclasis is not indicated. 
A short incision is made over the internal surface of the bone at the 
level of the deformity, the soft tissues dissected up for a shoi-t space, 
the bone partially divided with the osteotome, ‘ and fractui*ed. In 
extreme deformity a wedge-shaped osteotomy, or osteotomy in two 
places, may be required. An actual lengthening of the bone is produced 
if the division of bone is made on the concave aspect of the deformity, 
for in producing the fracture and straightening the bone the gap made 
by the osteotome is widened. Tenotomy of the Achilles tendon is 
sometimes required. 

EXaSIONS AND RESECTIONS OF BONES. 

Excision and Resection of the Upper Jaw.— These operations 
are usually understood to involve but one of the superior maxillaB, 
although the simultaneous removal of both bones is sometimes required. 
Excision of the upper jaw is done on account of malignant tumors of 
the bone or antrum of Highmore, osteitis, and necrosis. Temporary 
osteoplastic resection is done to give access to the nasopharynx for tlie 
removal of tumors of that region. The bony connections which have to 
be divided by instruments are — (1) the nasal process, (2) the malar proc- 
ess, and (II) the hard palate and alveolar process. The connections with 
the other bones of the skull are not so strong that they need be cut. 
The operation is essentially a very bloody one. Many surgeons employ 
primary tracheotomy and the tampon cannula, or tamponing the 
pharynx or larynx to prevent blood entering the trachea, the head 
being slightly flexed upon the chest or extremely extended. A much 
better procedure is the temporary or permanent ligation or temporary 
clamping of the external carotid artery. When this is done the chief 
difficulty of the operation is removed and excision of the upper jaw 
becomes a simple procedure. The contrast between the old bloody 
operation and the ease of the procedure after ligation of the extern^ 
carotid is very striking. If occlusion of the carotid is not practised, 
the hemorrhage is best controlled by packing with iodoform gauze, 
and making firm pressure immediately after the removal of the bone. 
(See Surgery of the Mouth, Teeth, and Gums, Vol. III., p. 650.) 

Many of the operations upon the face call for incisions at acute an^es. 
Such incisions leave sharp points of skin to be sutured. I have found 
it more satisfactory, for cosmetic reasons, to avoid making these sharp 
points and to make curved incisions instead. The curve lends itself 
better to suturing, 
voii. v— 48 
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Excision of the Upper Jaw by the Mediolateral Incision 

{NUaion, Wd>er, F&rguaaon (Pig. 205, A,B,C ). — ^The patient lies with 
his head turned toward the sound side. The anesthetic mask is removed 
and the administration of the anesthetic continued through a tube 
inhaler, or the chloroform mask is reapplied during the operation when 
necessary. An incision is begun i inch below the inner canthus of the 
eye and is carried down along the side of the nose to the ala, around 
the ala in the groove where it is joined to the face, thence horizontally 



Pig. 305. — Lines op Incision por Opkbations on Upper ani> Lower Jaws. 
Mediolateral incision (N^laton); E, external incision .(Ollier); D. external incision 
It, median incision (Dieffenbach); PRS^ Boeckel's operation; PIP, incision for temporary 
the lower jaw; WXZ, incision for resection of lower jaw. 

to the septum nasi, and then directly downward to the free border of 
the lip. This incision is supplemented by one passing from its upper 
end outward beneath the eye, directly on the lower border of the orbit, 
and terminating ^ inch bdow the external canthus. These incisions 
should lay open all of the soft tissue down to the bone. The flap 
representing the soft tissue of the cheek is dissected from the upper 
jaw, so that the malar process is exposed. The nasal cartilage is sepa- 
rated from the edge of the bone. The periosteum at the lower margin 
of the orbit is incised and with a thin sharp elevator lifted up from 
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the orbital surface of the bone. The wire^aw or chain-saw is then 
pas»d through the sphOTomaxiliary fissure and the malar process 
divided (Fig. 306, B). The nasal process is then divided with the 
bonc-cuttmg forceps. The mucous membrane and periosteum of the 
hard palate are divided transversely opposite the last molar tooth 
and in the median line from this incision forward. The soft palate is 
then separated from the hard palate through the transverse incision 
by means of the elevator. The middle incisor tooth is drawn and the 
hard palate divided by the saw, chisel, or forceps, close to the septum. 
The mucous membrane lining the cheek is then cut from the alveolar 



Fio. 306. — Links ok Division op Bonn in Resbctions op the Uppeh and liOWKK Jaws. 
ABC, Kxcision of the upper jaw; B, JC, different pointe of external divieinn; EC, rsHection of 
Uie lower ee^ent of the upper jaw (Gudriii). (The line C should fall on the side of the nasal sep- 
win toward the bone to be removed.) FM, Resection of the upper segment of the upper jaw; 
B, resection to gam access to the nasopharynx (Boeckel); H. resection of the alveolar process; 
w, excision of half of lower jaw; L, osteotomy for ankylosis of lower jaw. 

process with curved scissors. lion-jaw forceps then grasp the bone, 
and by a rocking motion it is loosened from its remaining attachments, 
which are the palate bone l)ehind and the ethmoid bone above (Fig. 307). 
The superior maxillary nerve, emerging in the fissure, should be divided 
M far back as possible. The divided reflection of mucous membrane 
is sutured behind to the pdate and in front to that of the opposite side. 
The skin wound and the divided lip are carefully approximated, and 
the cavity from which the bone was removed is packed with iodoform 
or balsam gauze. 

If the disease does not involve the mucous membrane of the hard 
palate, the operation should be modified as follows: An incision should 
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be carried through the mucous membrane and periosteum of the hard 
palate close to the alveolar process of the diseased bone instead of in 
the median line. The valve of soft tissue should be elevated, and 
when the bone is removed this may be sutured to the edge of mucous 
membrane of the cheek and the nasobuccal septum retained com- 
plete (Fig. 308). 

Another point which I have found most useful in cases in which 
the disease has not extended toward the malleolar process is to saw the 
outer part of the bone forward in such a way that ail or a large portion 



Fiq. 307.'-Excimion or the Uppee Jaw Timouau the Medjolateral Incision. 
Mouth-gag in place, soft part« retmcted, bonc-forcepe wrcncliing out bone. 


of this process is left attached to the malar bone. At this location, in 
sawing from the sphenomaxillary fossa forward, the surgeon has the 
choice of bringing the anterior end of the bone division inward or 
outward over a variation of more than an inch. This may depend 
upon the position of the disease. The more of this process that can 
be left, the more support and prominence there are for the cheek, and 
consequently the less the deformity (Fig. 306, B, K). 

Excision of the Upper Jaw by the External Incision (fig. 306, 
D, E ). — An incision through the whole thickness of the cheek is carried 
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upward and outward from the angle of the mouth toward the outer 
canthus of the eye. The incision may be curved with its convexity 
outward (Velpeau) or straight (Ollier, Liston). This incision should 
end over the middle of the malar bone. The soft tissues are then 
dissected up and retracted from the bone to be removed, the bone is 
divided, and the operation proceeded with as described above. This 
incision has the disadvantage that it divides the branches of the facial 
nerve, and the curved incision is apt to divide Stone’s duct. 

Langenbeck’s operation (Fig. 

309, FGH.) carries an incision from 
the side of the nose, beginning at the 
lower end of the suture between 
the nasal bone and the upper jaw, 
and cm-ves downward to the junc- 
ture of the upper lip and the cheek, 
and thence upward to end over 
the middle of the malar bone, thus 
making a U. 

Dieffenbach’s operation (Fig. 

305, /C) is characterized by a median 
incision beginning at the root of the 
nose and passing down the median 
line of the nose and through the 
lip. To this is added a transvei'se 
incision from the upper end of 
the first to the inner canthus of the 
eye. 

Malgaigne’s operation adds a 
median division of the upper lip 
to the external indsion of Velpeau. 

Simultaneotts Excision of Both Upper Jaws. — ^This operation 
is best done by means of the external indsiom passing from the angles 
of the mouth to the middle of the malar bones. The soft tissues lying 
between these two incisions, together with the cartilages of the nose, 
are dissected up from the two maxillie as far as the orbits, and the 
flap turned up over the forehead. The operation is proceeded with as 
described above imder the mediolaterdl incision, except that the two 
bones are not separated, but are removed together. The malar processes 
are divided in the usud manner. The nasal processes may be divided 
separately by bone forceps or together by passing the wire-saw from 
one orbit into the other through the lacrymal bones. As much of the 
periosteum of the hard palate as possible should be saved by employ- 
ing a curved incision near the alveolar margin and stripping it back, 
leaving it connected posteriorly. The soft palate is separated from the 
bone. The bones are then twisted downward and forward from their 
other attachments. This is a less difficult operation, than removal of 
the single bone, provided, of course, that occlusion of both external 
carotids has been practised. 
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Flo. 308 .- Muc»uh MfiMnRANE AND Perios- 
teal Incimiokb. 

H. lliKht; L, left. The inriHion abch Ia 
made for cxeiHion of the ri|(ht u^per jaw. The 
bone iH divided alonicthe nffht Aide of the line 
06. If there is no JjAeaHO of the hard white, 
the iiieisioTiA ach and c6 may be made. Ollier's 
subperiosteal excision is afg. 
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Subperiosteal Excision of the Upper Jaw.— This is done through 
the external incision, although the mediolaieral incision is well adapted 
to the operation. If necessaiy, median division of the upper lip may 
he combined with the external incision of Ollier. In this operation the 
periosteum is left attached to the overlying soft tissue and is elevated 
with it. The operation is indicated in cases in which the periosteum 
is not diseased and in operation for exposure of the nasopharynx. 
After making the skiii incision the mucous membrane is divided by an 
incision beginning at the median line in front, on the outer surface 
of the alveolar process, and carried backw’ard, close to the edge of the 



Fin. .309. — Lineh of Incision fob Operationh on Upper ant> I^wek Jawr. 

FGH, U'iiicisiori for resection of upper jaw (Lanmnbeck); TO, incision to fpiin access to the 
nasopharynx (Ollier); NFO, LanaenbecK's osteoplastic resection; VWX, incision for resection of 
half of body of lower jaw; VW XZ, incision for resection of half of lower jaw. 

gum, around the last molar tooth, and then forward in the same manner 
on the inside of the alveolar process to a point opposite its beginning 
(Fig. 309, g, /, a). An incision through the periosteum is then carried 
upward from the beginning of the first to a point just external to the 
anterior nasal spine. The periosteum is then stripped back from the 
anterior surface of the bone. When the infra-orbitd canal is reached, 
the nerve is divided at its point of emergence. The stripping>up of 
the periosteum is continued into the orbit and to the limit of the bone. 
The lacrymal sac and duct may be left uninjured, adherent to the 
periosteum. The separation of the periosteum in the roof of the mouth 
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is continued as far as the median line. The malar process and the 
nasal processes are divided, the incisor tooth removed, and the chisel 
used to divide the bone obliquely back to the median line, and thence 
backward through the rest of the hard palate. The bone is then 
removed with strong forceps, and, finally, the mucoperiostcal flap from 
the hard palate is sutured to the periosteal flap above. 

Resection of the Lower Segment of the Upper Jaw.— The 
removal of the bone below the infra-orbital canal by Guirin's operation 
is as follows (Fig. 305, KM; Fig. 306, EC): A curved incision, with its 
convexity outward, is carried from the upper part of the wing of the 
nose to the angle of the mouth, following the curve usually present in 
this situation. The soft parts and the nose are cliss(H*i(Hl from the 
bone and retracted. A saw is passed into the naris, and the bone is 
sawn horizontally outward, the saw cut ending in the malar process. 
The soft structures of the palate are divided transversely, as described 
above, and the hard palate near the middle line, and the bone twisted 
out. This procedure lends itself to the subperiosteal operation. It 
gives a good view of the nasopharynx and is indicated for disease of 
the bone not involving the orbital plate. 

Resection of the Upper Segment of the Upper Jaw (Fig. 306, 
FM ), — For this operation the best incision is the mediolateraL The 
soft parts are raised from the bone and the periosteum is detached 
from the orbital plate. The malar and nasal processes are divided 
as already described, and a horizontal cut made with the saw from 
the naris outward, passing above the alveolar process. The bone 
thus freed Is wrenched out. 

Osteoplastic Resection of the Hard Palate (Fig. 309 ).— This 
operation is done to give access to the nose or nasopharynx. The 
posterior portion i.s resected by cariying a median incision through 
the soft palate and mucous membrane and periosteum of the hard 
palate, as far forward as is desired. A transverse incision is carried 
from the front of this to one or both sides, and the mucoperiosteal 
flap separated from the bone. The mucous meml)rane on the floor of 
the nostril is divided close to the septum and pressed back. As much 
of the hard palate as is necessary is then removed. This may involve 
one or both sides; if the latter, the vomer is divided with forceps. 
The operation is completed by suturing the soft parts back in place. 

Osteoplastic resection of the anterior portion of the palate 
is accomplished by extracting the canine teeth, dissecting the upper 
lip away from the bone untU the nasal cavity is expo^d, and then 
dividing the alveolar process and the hard palate by two lines of parallel 
incisions running from the canine sockets back to the soft palate. 
The vomer is divided and this bone-flap, attached posteriorly, is turned 
down. It may be replaced and sutured in position at the close of the 
operation. 

Operations through the Upper Jaw to Gain Access to the naso- 
pharynx. — Subperiosteal operation through the upper jaw, described 
above, is the most satisfactory for securing free access to the naso- 
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phatynx. Temporary resection of the upper jaw is done by means of 
an osteoplastic flap having its base at the nose and its apex over the 
malar bone, and leaving the alveolar process and hard palate (Lan- 
genbeck, Fig. 309, NFO). 

Boeckd’t operation is a valuable procedure (Fig. 305, PBS; Fig. 
306, D). An incision is carried from the root of the nose, curving 
downward along the side of the nose to the wing of the nostril, and 
thence outward upon the cheek. A second incision l;egins at the 
origin of the first and curves downward and outward along the lower 
margin of the orbit to the infra-orbital foramen, avoiding the lacrymal 
sac. This flap is raised with the periosteum. A pyramidal section 
of the upper jaw is then removed with the chisel, having the outer 
border of its base marked by a vertical line just internal to the infra- 
orbital foramen, and the base representing the rest of the anterior 
surface of the bone above the alveolar process. This mass bears the 
middle and inferior turbinated bones. 

The operation of OUier (Fig. 309, TO) begins with an incision 
external to the ala which passes upward to the middle line at the root 
of the nose, at the level of the inner canthi of the eyes; a similar incision 
is made on the other side, making an inverted V. The bone is sawn 
through in the line of incision and the nose turned down as a flap. 
The septum is removed or pressed aside, the nasopharyngeal condition 
dealt with, and the operation continued by replacing the nose and 
suturing it in place. This operation may be mo<lified for the removal 
of a large tumor by making the angle greater between the two arms 
of the V and carrying the lower extremities of the incision farther 
away from the alai. 

The operation of Annandale divides the raucous membrane at the 
lip-alveolar junction, dissects up the nose from its bony attachments, 
divides the alveolar process and hard palate near the median line, 
and pries apart the divided bones to increase the space of access. 

Denker’s operation^ for reaching malignant tumore laterally does not 
divide the skin. The soft tissues of the mouth are widely retracted and 
an incision through mucosa and periosteum is carried along the alveolar 
praccss from the last tooth horizontally forward, nearly to the middle 
line, and thence up to the apertura pyriformis. The periosteum is 
elevated as far up as the lower border of the orbit and the nasal opening, 
and retracted upward. The bone is then removed from the nasal mar- 
gin, opening the antrum and continuing as far outward as necessary. 

Resection of the alveolar process (Fig. 306, H) is practised for 
the removal of limited disease, such as epulis. The section to be 
removed should be marked out and denuded of healthy mucous mem- 
brane and periosteum. Teeth which are in the way should be removed, 
and the anterior and posterior limits of the resection defined by the 
saw. The upper ends of the saw cuts are connected by a line marked 
with the chisel, or the horizontal division may be made with a saw. 
The rongeur is useful in extending the operation in the direction of any 
suspected disease. 
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Excision and Resection of the Lower Jaw.— The whole or any 
part of the lower jaw may be removed. Operation is usually performed 
for tumor or necrosis, and involves only a part of the bone. The 
surgeon should spare as much of the bone as possible, and should not 
endeavor to perfoi-m a typical operation, but should suit each operation 
to the requirements of the case. The extent of the incision shouhl 
vary with the amount of bone to be removed. The important struc- 
tures lying close to the bone to be borne in mind are the facial and 
internal maxillary arteries, the facial and lingual nerves, and the 
8ul)maxillary and parotid glands and their ducts. Healthy periosteum 
and mucous membrane should be preserved as far as possible. Opera- 
tions, removing the body of the bone, require detaching from their ante- 
rior supports the muscles holding the tongue and thus i)ermitting it to 
drop back upon the glottis; a suture, therefore, should be passed through 
the tongue to hold it forward during the operation. After the operation 
as perfect a suture as possible should be made, uniting the buccal mucous 
membrane. 

Resection of Half of the Body of the Lower Jaw (Fig. .‘105, 
VWX ). — A median incision is made from the junction of the lower 
lip and the chin downward to a point just below the symphysis under 
the chin. It is not necessary to divide the lip, although it is commonly 
done. Another incision is carried along beneath the jaw as far us the 
angle. The facial artery is ligated and the bone uncovered. If free 
of disease, the mucous membrane and periosteum are divided close 
to the teeth, inside and outside, and stripped down with an elevator. 
A tooth is drawm and the jaw divided anteriorly with a wire-saw. The 
side to be removed is retracted forward, and the separation of the 
periosteum and muscles completed. Division as far posteriorly as 
necessary is then made, the bone is removed, and the mucous membrane 
covering the defect is tightly sutured with the view of preventing 
saliva entering the wound. The wound should be closed with drainage 
at its posterior part. 

This operation may be done with simply a vertical incision in the 
middle line, or with the horizontal incision under the jaw alone, or 
through the mouth without any skin incision. In divi^ng the bone 
it is well, if possible, to make the division a little to one side of the 
median line, in order to preserve the insertion of the geniohyoglossus 
muscle. The incision to be employed will depend much upon the 
extent and location of the disease to be removed. 

Resection of Half of the Body and the Ramus of the Lower 
Jaw (Fig. 305, VWXZ).—The niedian incision is made and contin- 
ued, as above, horizontally along the lower border of the jaw to the 
angle, and thence upward to the level of the lobe of the ear, ending 
short of the main fibers of the facial nerve. The bone is then uncovered 
through this wound, externally and internally, as far as the mucous 
membrane. The jaw is then divided anteriorly and retracted outward. 
The division of the mucous membrane and the muscles is next accom- 
plished, and the inferior dental ner^'e divided. The ramus is denuded 
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of its soft tissues with the elevator, and, as the jaw is forcibly depressed, 
the attachment of the temporal muscle to the coronoid process is divided 
by means of curved scissors. A small round retractor passed close to 
the bone and drawn strongly upward protects the facial nerve from 
being wounded. The head of the bone is then easily twisted out of the 
glenoid fossa. The internal maxillary artery, lying close to the neck of 
the condyloid process, should not be injured. The closure of the soft 
parts is described above. 

Excision of the Whole of the Lower Jaw. — ^This operation is 
done through an incision extending around the border of the jaw 
from a point opposite the lobe of one ear to the other. The jaw should 
be divided in the middle and each half removed separately. 

Resection of the alveolar process (Fig. 306, H) is accomplished 
without a skin incision just as described for the upper jaw. An effort 
should always be made to preserve the continuity of the jaw. 

Temporary Division of the Lower Jaw (Fig. 305, VW ), — This 
operation is undertaken when it is desirable to render more acces- 
sible the floor of the mouth, the palatine arch, the tongue, the naso- 
pharynx, and the base of the skull. The division may be made laterally 
or in the middle and the bone segments retracted. 

The Median Operation (86dUlol), — An incision is made in the 
median line and under the chin, the point of a narrow knife is then 
passed behind the symphysis and brought out through the frenum of 
the tongue close to the bone. A middle incisor tooth is extracted 
and the bone divided with a wire-saw. Retractors may then l)c used 
to separate the bone and give access to the floor of the mouth, the 
sublingual gland, and the tongue. The bone is united with silver 
wire. 

The Lateral Operation {Langenbeck). — An incision passes downward 
from the angle of the jaw to the level of the larynx. The details 
of the rest of the procedure are the same as for the median operation. 
This gives access to the posterior portion of the tongue, the palatoglossal 
arch, the pillars of the fauces, and all of the pharynx. 

Resection of a segment of the lower jaw may be practised to give a 
larger opening than is secured by either of the above operations. 

Operations for Ankylosis of the Lower Jaw. — Ankylosis, due 
to the formation of scar tissue along the ramus of the jaw as a result 
of inflammatory disease, is treated by osteotomy and the formation 
of a false joint. 

Esmarch* 8 operation (Fig. 306, L) consists in the removal of a 
wedge-shaped piece of bone from the portion of the body lying just 
in front of the masseter muscle. This is done through an incision 
along the lower border of the jaw. If the adherent tissue does not 
extend the full length of the ramus, it is better to make a horizontal 
section of the ramus and prevent bony union by constant motion. 
This operation can be done by a chisel passed through the mouth to 
the ramus, or the bone may be exposed by an external incision. 

Excision of the condyle is performed when the ankylosis is due to 
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conditions within the joint. A vertical incision is made just in front 
of the temporal artery, beginning at the zygoma and ending above 
the faci^ nerve, which emerges on a level with the lobe of the ear. 
This incision, if necessary, may be supplemented by a second one at 
right an^es to its upper end and passing along the lower margin of the 
zygomatic arch. The joint is opened, the neck of the condyle dividetl, 
ami the head of the bone removed. The parotid gland, the internal 
maxillary artery, and the facial nerve should be avoided. Passive 
motion is necessary to supplement the operation, even though it must 
be practised under an anesthetic. Operation on both sides is per- 
formed the same as above. 

Prosthetic Apparatus to Remedy Defects after Resection of 
the Jaws. — Many contrivances have l)een devised to correct defor- 
mities following removal of the whole or parts of the jaw-lxme. The 
most successful are made of hard rubber, having approximately the 
size and shape of the bone removed, and carrying teeth corresponding 
to those missing. Two important problems confront the surgeon — 
the rapid contraction of the parts after removal of the bone, and the 
difficulties of retaining in place such prosthetic appliances. The fimt 
of these is met by the introduction of prosthetic apparatus as early as 
possible after operation, before cicatricial contraction has advanced. 
The perfection of this branch of surgery is in the hands of the prosthetic 
dentists, who have devised means for the retention of these apparatus. 

Deformities which for some reason are not remedied in this manner 


may lie improved, at least so far as the appearances of the face go, 


by the injection of paraffin 
to fill out the sunken feat- 
ures. 

Prosthesis of the Upper 
Jaw. — After resection of the 
alveolar process a rubber den- 
ture, built up to fit the jaw, 
serves most satisfactorily. For 
removal of the upper jaw the 
dentist should make an impres- 
sion of the mouth before opera- 



tion. With this as a guide he 

should construct an upper plate which should be inserted within a 
week after the operation. This primary plate need not have teeth 
upon it, but is intended to keep the parts patent while the wound is 
cicatrizing and the surfaces are becoming covered with epithelium. 
A permanent plate should be made, embodying any modifications for 
comfort which the first plate has suggested, and also suppl3dng the 
missing teeth and, most important, having on its upper surface a 
“plumper.” This “plumper” is a projection or protrusion, built 
upon the plate, to supply the defect of the missing bone. It may be 
made as a hollowed depression on the plate. It is not necessary that 
it should be large; indeed, if it is not put in immediately after the 
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operation there will be but little room to accommodate it. Fig. 310 
shows a plate which is worn by a man whose upper jaw I removed a 
year ago. Although this “plumper” is small, there is scarcely a notice- 
able deformity, and mastication is accomplished satisfactorily on the 
sound side. 



Fio. 311. — Platu Wohn afteh Hbmoval op Both Upper Jawh. 


The greatest difficulty is experienced after removal of both upper 
jaws. Here it is imperative that the prosthesis should l>e inserted 
early, as contraction is rapid. Fig. 311 .shows a plate which is wore 
by a man ^rom whom I removed both upper jaws entire, nine months 
ago. This plate is much narrower than the normal mouth, but still 



Fw. 312.— Interdental Splint, to be Worn Imicbdiatelt after Removal op Haij* op Lower 

Jaw. 

A , upenins corresponding to bone removed. 

gives a decided sense of tension. Such a device serves as a septum 
between the oral and the nasal cavities. It is held by the muscles of 
the cheeks, and may have some front teeth added for cosmetic effect. 
Such plates may be attached by springs to the back teeth of the lower 
jaw. 
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Prosthesis of the Lower Jaw.— The defect in the lower jaw usu- 
ally requiring to be remedied is that which follows resection of half of the 
body. This operation is usually done when either the teeth are absent 
or the jaw is distorted by disease and an “impression” for repioduction 
cannot be made; however, the skilful dentist can take an “impres- 
sion” of the mouth and judge the normal state of the diseased jaw 
from the upper teeth of the diseased side and from the lower teeth of 
the sound side. From this the prosthetic apparatus is made. Before 
the operation an interdental nibber splint shouljl be made, having a 
defect at the lower part representing the situation of the lione to be 
removed (Fig. 312). Food can he taken through this opening. This 
splint should be mserted as soon as possible after the operation, and the 
jaws bandaged together. The object of the splint is to keep the unop- 
posed remaining half of the jaw from the inward displacement which 
will inevitably result without it. This splint is very important, and 
after it is applied the ordinary bandage of the jaw should not l)e trusted. 


but adhesive strips should be in- 
corporated in the bandage to 
make it secure and immovable. 
In a few days, after the trau- 
matic iiiitation has subsided, the 
prosthetic “plumper” should be 
inserted. The device which has 
been found most serviceable for 
this purpose is a modification 
of that descrilred originally by 
McBumey.®* It consists of a 
hard-rubber body, bearing teeth, 
and fitting the gap from which 
the bone was removed. It is at- 
tached at its inner end to a metal- 



Fia. 313 . — Pkobtiibwis, Carbyino Four Tkkth, 

JnSERTBO APTBR KBMOVAL OK KaLK OK THE 

l/OWEH Jaw. 


lie shaft or plate which is fitted to lie against the inner surfaces of the 
remaining teeth of the other half of the jaw (Fig. 313). Offsets fi*om 
this shaft fit into the spaces between the sound teeth to prevent back- 
ward and forward movement. The construction of this arm will vary 
in each case as the ingenuity of the dentist finds the best means of 
securing a fastening. Capping two teeth and constructing a bridge 
to which the arm can be articulated has proved practicable. A cap, 
fitting over a capped tooth in the lower jaw, and another cap oyer the 
back tooth in the upper jaw and connected to the prosthesis by a 
spring, have been successfully employed to hold the prosthesis in place. 
If the ramus has been removed, the “plumper” should have added to it 
a short projection rounded at the top to partly take its place. This 
whole apparatus is smaller than the bone removed. A better final 
result is often secured by making an impression of the defect and 
constructing the “plumper” after this pattern. It is most expedient 
to make the first as a temporary “plumper,” without teeth, to be worn 
until the parts have become adapted to the new conditions, when a 
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permanent one embodj'ing the necessary mo<lifications can be made. 
The important point is that it should be intioduced as early as possible 
and not left out, for contraction which cannot be overcome quickly 
takes place. It is also important that such apparatus should be easily 
removable for the sake of cleanliness. It is for this reason that, where 
the capping of teeth is resorted to, the apparatus should not be fixed 
to the permanent caps, but to caps which can be slipped over them. 
The artificial teeth are entirely cosmetic. 

In cases in which a section of the jaw is removed, leaving teeth, on 
either side of the defect, the prosthetic problem is a much easier one. 
Here the space is filled with a gold bridge bearing a hard rubber body. 
After removal of the whole lower jaw the prosthetic apparatus must 
be attached to the back teeth of the upper jaw. Such an apparatus 
is constructed by mounting gold-plated springs upon caps on these 
teeth and joining the false jaw to springs. 

Excision of the Clavicle. — Excision of the clavicle is a serious 
opemtion because of the close proximity of this bone to the large vessels 
of the neck, their tributaries, and the cords of the brachial plexus. 
Behind and below the bone lie the innominate, subedavian, tuid jugular 
veins; the subclavian, suprascapular, and internal mammary arteries; 
the cords of the brachial plexus; the pneumogastric nerve; and the 
thoracic duct. The veins particularly, lying so close to the bone, are 
prone to become involved by the disease and require excision. 

Operation . — No rules can be laid down for excision for tumor, as the 
operation is proceeded with without reference to the bone. When 
excision for other disease is practised, it is desirable to make a sub- 
periosteal operation. An incision is made along the anterior margin of 
the bone, exposing the affected parts. The periosteum is divided in 
the same line. A short incision is made at right anf^es at the end of 
this incision. These periosteal flaps are turned up with the elevator 
and the separation continued as far as possible around the bone. The 
bone is then divided and the separation completed. 

When the whole bone is to be removed for necrosis, the incision is 
continued beyond its extremities. The periosteum is divided in the 
same line and separated from the bone by the elevator. At the junc- 
tion of the outer and middle thirds a wire-saw is carefully carried around 
the bone, or it is divided with the bone-cutting forceps. The inner 
end of the outer fragment is grasped by forceps and drawn forward, 
while it is cleared of periosteum posteriorly and below. This is removed, 
and the inner segment is dealt with in the same way. This sternal 
segment lies over the structures mentioned, and much care is advised 
in its removal. The elevator and knife should be kept close to the 
bone. The soft parts should not be dragged upon, and the vessels 
should be protected with a flat retractor. The wound should be closed, 
according to :tbe rules laid down for the operative treatment of osteo- 
myelitis, and the arm put up as in fracture of the clavicle. 

Excision of the Srapula. — Resection of parts of the scapula must 
meet the peculiar indications of each case; no rules can be laid down. 
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Excision of the whole bone is done after the following method (Fig. 314, 
A): The patient lies on the sound side. An incision is made along the 
spine and the acromion process. This joins an incision made along the 
vertebral border, which need not be as long as the bone. The flaps 
are turned back, and the muscles attached to the spine and acromion 
are divided. The periosteum of the inner border is divided between 
the rhomboideus and the infraspinatus muscles, and the infraspinous 
fossa denuded of periosteum, carrying the muscle. If the marginal 
cartilage is not completely ossified, it should be left adherent to the 
periosteum. The supraspinous fossa is then cleared, care being taken 
not to injure the suprascapular 
nerve passing through the notch, but 
to raise it up with the periosteum. 

The lower angle of the bone is 
fret«l by detaching the tei*cs major 
and serratus magnus, the l)one is 
lifted away from the thorax, and 
the subscapularis dissected off from 
below upward. The denudation is 
continued and the bone is lifted 
away. If the disease permit, it is 
desirable to stop the denudation 
at the neck of the scapula, which 
is divided with the saw. If all of 
the processes have to be removed, 
the joint should be open from l^elow 
and its ligaments divided. The 
acM’omion and coracoid processes are 
divided from their attachments and 
the bone removed. If possible, the 
coracoid process should be preserved 
by dividing it at its base and leaving 
it in place. The detached muscles 
and periosteum should be anchored 
in position with a few stay sutures. 

Treves preferred to reverse this operation and divide the external 
attachments first and finally free the vertebral borders. Velpeau 
made an incision ^ong the spine of the scapula, another starting from 
.the anterior extremity of this and running toward the root of the neck, 
and a third starting from the same point and running toward the 
axilla behind. Syme advised two incisions crossing near the center 
of the bone. The vessels requiring attention are the posterior scapular, 
Jbhe suprascapular, and the subscapular arteries. 

Excision of the Head of the Scapula. — When the head of the 
scapula is to be resected, without operation on the humerus, the opera- 
tion is carried out through a posterior incision extending from the base 
of the acromion process downward to the posterior fold of the axilla. 
Resection of the Humenis^^ — ^In operations upon the humerus 



Fia. 314. — PoBTERioB View of Shoulder. 

A, KxciMon of Hcapula; K, TOBtnrior 
skin incision for excision of shoulder-joint 
(Koeber). 
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it is most important to bear in mind the position of the musculospirol 
nerve, which traverses its. upper and middle posterior surface obliquely 
from above downward and outward between the external and internal 
heads of the triceps, and passes down the outer side at the lower third 
of the qrm, between the brachialis anticus and the supinator longus. 

Excision of Ike Head of the Humerus. — (See Excision of Shoidder- 
joint, p. 775.) 

Excision of the Shaft of the Humerus. — An incision is made along 
the posterior border of the deltoid and the outer edge of the biceps. 
The outer border of the brachialis anticus is discovered and followed 
down to the bone. The musculospiral nerve lies posterior to this, and 
it is wise to identify it and draw it aside. To prevent shortening some 
bone should be left, if possible. 

Excision of the Lower Extremity of the Humerus. — (See Excision of 
Elbow, p. 777.) 

Total excision of the humerus is accomplished through a combination 
of the incisions recommended for the other parts of the bone. 

Excision of the Ulna. — ^This bone is quite superficial and easily 
removed. A longitudinal incision is made along its posterior aspect. 
At the upper end the incision should be made obliquely outwanl and 
upward between the triceps and anconeus muscles. Subperiosteal 
excision should be employed as far as possible. The triceps is retracted 
to the inner side and the olecranon freed. After the bone is exposed 
throughout, the operation is facilitated if it is divided in the middle 
and the halves removed separately. The posterior branch of the ulnar 
nerve passes back beneath the flexor carpi ulnaris about 2h inches 
above the lower end. 

Excision of the Radius. — ^The incision in the skin is made from the 
styloid process of the radius, along the outer side of the forearms, to the 
radiohumcral articulation. The supinator longus is exposed at its 
posterior border and the Iwne is approached below, between it and 
the extensor tendons of the thumb, and alwve, between it and the two 
extensores carpi radialcs. Coming down upon the supinator brevis, 
it is divided lon^tudinally, and the bone is exposed. The periosteum 
is opened and detached, the bone divided in the middle, and each half 
separately removed. For excision of a part of the bone, incision along 
this same line is used. 

Excision of the Carpal Bone. — (See ExeisUm of the Wrist, p. 786.) 
Excision of the Metacarpal Bones.— The metacarpal bones are 
best exposed by longitudinal dorsal incision over the bone to be 
excised. This incision should involve only the skin. The tendons 
and their sheaths crossing the bones should be drawn aside. The bone 
is exposed, its periosteum divided longitudinally, and stripped from 
the bone, the bone should be cut in two with forceps, and each half 
removed, care being taken not to open the joints. Good results may 
be secured if the metacarpophalangeal joint is not destroyed, and if 
long axis traction upon the finger is mamtained to prevent its retraction 
upward. 
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Excision of Phalanges. — ^The incision should be made on one 
side or the other of the extensor tendons. In the case of a terminal 
phalanx the incision should be made moi’e laterally, and pass around 
the end of the finger, close to the nail, in the shape of a U. If the per- 
iosteum can be preserved in the case of young persons and extension 
maintained, excision of the phalanges is indicated, but otherwise ampu- 
tation k to be preferred, except in the case of the thumb, and here 
excision is always to be preferred, even though the periosteum cannot 
be |)reserved. 

Resection of Vertebrse. — (See chapters on the Surgery of the Spine 
and on Orthopedic Surgery, VoL II., pp. 870 and 490.) 

Resection of the Bones of the Pelvis.— No rules for incision can 
be given for msection of the pelvic bones. Commonly but a portion 
of a bone requires resection, and this is best reached by incision over 
the disease. The whole of certain pelvic bones has been removed. 
Ollier removed the ascending ramus of the ischium and most of the pubic 
bone through an incision 4 inches long, extending from the genitocrural 
fold toward the pubes. N41aton did an excision of the whole ilium 
with good results. For removal of the ilium the incision should follow 
the crest, and at the anterior superior spine turn downward and back- 
ward toward the back of the great trochanter. The periosteum is 
divided along the crest and separated from the iliac fossa and 
externally.* The separation may be carried as far as necessary and 
the bone removed. 

Excision of the Coccyx. — ^This operation is done for coccygodynia 
for injury of the coccyx, to facilitate approach to the rectum, and 
for imperforate anus. An incision is carried in the median line from 
the tip of coccyx to its base, a finger in the rectum determining the 
exact position of the hone. In fat persons this incision may he sup- 
plemented by a transverse incision at its upper end. The bone is 
denuded posteriorly and laterally, the sacrococcygeal joint opened, the 
bone separated from the sacrum, the* upper end grasped by the forceps, 
and the bone drawn out while its anterior attachments are divided. 

Resection of the Femur. — Resection of a portion of the shaft of 
the femur is done for necrosis. (See Operations for Osteomyelitis, p. 735.) 
The bone is best approached on the outer side through a longitudinal 
incision. The bone is reached between the vastus extemus and the 
short head of the biceps. The muscles are strongly retracted, the 
periosteum stripped back as far as possible, and the desired segment 
removed. If there is no involucrum, in the case of adults the two 
ends must be brought together and secured; in the case of children, 
extension should be made with the hope of bone developing from the 
intervening periosteum. 

Disease of the lower extremity of the femur, with sinuses in the 
popliteal region, is best reached by lateral incision passing down to the 
bone in the course of the intermuscular, septum. The posterior aspect 
of the bone is easily reached in this manner, and the popliteal struc- 
tures left posteriorly to the field of operation. 

VOL. V— 40 . 
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Resection of the Tibia. — This operation is done usually for 
necrosis following osteomyelitis or compound fracture. The location 
of sinuses should govern the place of approach, although it is most 
desirable to uncover the bone by a longitudinal incision just in front 
of its inner border, avoiding the internal saphenous nerve. When the 
posterior surface is to be reached, the incision should run along the 
inner border of the bone, and when the external surface is to be reached, 
the incision should be made just external to the anterior border. The 
periosteum, having been divided longitudinally, should be elevated. 
As sound bone is approached above and below, in stripping back the 
periosteum, it is well to divide it transversely in order to save stripping 
it from the healthy part of the bone. 

When a gap of less than 2 inches exists after the removal of frag- 
ments following compound fracture, a similar length may be resected 
from the fibula. If the gap is a larger one, an osteoplastic operation 
is better. (See Osteopktstic Operations, also Operations for Osteomyelitis, 
pp. 747 and 735.) 

Resection of the Fibula.— The fibula is subcutaneous at its 
upper and lower extremities; the shaft is covered with muscle. In 
excision of the upper end care should be taken not to wound the peroneal 
nerve or to open the tibiofibular joint, which usually communicates 
with the knee-joint. The nerve passes down along the posterior border 
of the tendon of the biceps, which is inserted into the head, -and passes 
forward along the outer side of the neck of the bone. Before operating 
on the upper extremity of the bone it is well to locate and mark the 
position of the nerve Iwfore the patient is anesthetized. 

Resection of the upper extremity of the fibula is done through a 
longitudinal incision, begun 1 inch above the head, at the posterior 
border of the tendon of the biceps, and carried downward as far as 
necessary behind the bone in the space between the soleus and the 
peroneus longus muscles, with the view of leaving the peroneal nerve 
to the outer side. In removing the bone a shell bearing the articular 
surface should be left, in order to avoid opening the joint. In removal 
of the whole shaft of the fibula the bone must be approached in two 
different planes of muscles, one above and one below, and divided in 
the midcUe, and each h^f removed separately. Resection of the 
lower end is described under Resection of the Ankle-joint. 

Excision of the Tarsai Bones. — Excision of the bones of the 
foot for disease cannot often be done as a tjrpicai operation because of 
the peculiarities of each case. Ail the ‘disease should be removed, all 
of the healthy bone should be left — is the principle to guide the sur- 
geon. The character and extent of the operation must depend upon the 
nature of the disease and the age and condition of the patient. The 
bones most commonly requiring operation are the calcaneum and the 
astragalus. Subperiosteal excisions should be practised, if possible. 
It should be borne in mind that disease of these bones commonly starts 
in the calcaneum, then involves the calcaneo-astragaloid joint, and then 
the astragalus. 
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Excision of the Calcaneum. — Pains should be taken to leave 
all healthy bone and periosteum. In the subperiosteal operation of 
Ollier (Fig. 325, A) the patient lies on the sound side and the inner 
side of the foot rests upon the sand pillow. The skin incision begins 
at the outer border of the tendo Achillis, about 1 inch higher than the 
tip of the external malleolus. This incision is continued down along 
the outer border of the tendon below the outer tubercle of the calcaneum, 
around which it curves, and is then made to pass forward and slightly 
upward to the upper part of the base of the fifth metatarsal bone. 
The edge of the tendo Achillis and the plantar muscle are exposed. 
The bone is then uncovered in the line of the incision, care being taken 
not to divide the tendon of the peroneal muscles. This incision follows 
pretty closely the posterior and inferior contour of the bone. The 
periosteum is then elevated, carrying with it, if necessary, the tendo 




Fia. 315 . — At Excimon of astmisaluti, external incieionn (see Fix. .316, 4); Bt mcision of ankle-joint, 
external incision (see Fig. 316, B); F, excision oi calcaneum (Farabeuf). 

Achillis. The peroneal tendons are drawn aside, the external lateral 
ligament detached, and the exposure continued to the desired extent. 
If the whole bone is to be removed, the calcaneocuboid and calcaneo- 
astragaloid joints arc opened; the interosseous ligament is divided with 
a long straight bistoury. The bone is then grasped with the lion-jaw 
forceps and rotated downward, the calcaneo-astragaloid joint is further 
opened, and the internal lateral ligaments detached. The sheath of 
the flexor longus hallucis is opened in the operation. 

Resection of the posterior portion of the bone is more simple. The 
incision is not carried so far forward, the periosteum is elevated, and 
the diseased segment cut out with the saw or chisel. 

Farabeuf a Operation (Fig. 316, F).— The patient lies in the above- 
described position. An incision is carried from the base of the fifth 
metatarsal bone, on the outer bord^ of the foot, backward and around 
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the heel, and ends about inches to the inner side of the middle of the 
heel. This is met by a vertical incision 2 inches in length, just in front 
of the outer border of the tendo Achillis. These incisions are deepened 
and two flaps turned up, care being taken not to wound the peroneal 
tendons which lie under the anterior flap. The periosteum is incised 
vertically behind the peroneal tendons and horizontally in front of 
them. Ilie periosteum with the attached ligaments is elevated from 
the bone as far as possible, including the tendo AchOlis. By retracting 
the flaps most of the bone can be denuded, and the interosseous liga- 
ment divided. The anterior part is then grasped with lion-jaw forceps 
and abducted. As this is done the periosteum is elevated from the 
inner surface and the bone removed. 

Excision of the Astragalus.— This operation is done for necrosis 
or caries, and as a step in excision of the ankle. It is no longer done 



Fig. 316. — A, Excision of the astragalus internal incision (see Fig. 315, A); B, exciKion of the ankle- 
joint, internal incision (see Fig. 315, B); C, excision of first metatarsal bone. 

for fracture and dislocation, unless necrosis makes it necessary. When 
removal of a fractured or dislocated segment of the bone is required, it 
is usually reached best over the most prominent part. Comminuted 
fragments may be reached through an incision between the extensor 
tendons of the first and second toes. 

For complete removal of the bone the following operations are 
done (Fig. 316, A; Fig. 316, A): The patient lies upon the back with 
the foot extending beyond the end of the table, or the lower third 
of the leg supported by the sand pOlow. An outer incision 2) inches 
long is begun just above the lower articular margin of the fibula, and 
passes downward in front of the external malleolus, just posterior and 
parcel to the tendon of the peroneus tertius. To this incision is 
added another at right angles from its middle, which passes backward 
and downward and ends just bdow the tip of the outer mall^lus. 
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The two right-angle flaps are turned back and the bone is exposed 
between the tendons of the peroneus tertius and the peroneus brevis. 
The foot is then extended and inverted, the tendons retracted, and the 
ligaments connecting the bone to the tibia, fibula, calcaneum, and 
scaphoid are divided as far as possible. An inner incision 2 inches 
long is then made, beginning at the tip of the inner malleolus, and 
curved upward and forward just in front of the anterior margin of the 
malleolus. Through this incision the remaining ligaments holding the 
bone are divided. With the foot extended and inverted, the surgeon 
now grasps the bone through the outer wound with the lion-jaw forceps 
and wrenches it out. Vemeuil recommends sawing through the neck 
of the bone and first removing the head. 



Fia. 317. — OsTBOPLABTic Excision of thb Heel and Ankle. (Mtkuliei.) 
abt Skin incision; cand d, lines of the division of the bones; e, postoperative resuit. 

The operation of Ollier (Fig. 325, B) consists in a curved incudon 
across the front of the ankle, beginning on the inner side at the point 
at which the tendon of the tibialis anticus crosses the tibiotarsal 
articulation, and passing forward to the middle of the scaphoid, and 
then back to just below the external malleolus. This flap is turned up, 
exposing the tendons, which are lifted out of their sheaths and retracted. 
The extensor brevis muscle is detached at its origin, the ligaments are 
divided, the foot inverted, and the bone twisted out. 

Excision of Astragalus and Calcaneum. — Osteoplastic excision 
of the heel and ankle, Mikulicz (Fig. 317). An incision is carried 
from a point just in front of the tubercle of the scaphmd bone trans- 
versely across the sole of the foot to a point just behind the fifth meta- 
tarsal bone. From each end of this incision incisions are carried 
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upward and backward to points just above the two malleoli. These 
two last incisions are joined at their upper ends by a transverse incision 
passing around the back of the ankle. All of these cuts are carried 
down to the bone. The lateral ligaments of the ankle are then divided, 
and the calcaneum and astragalus dissected out. The malleoli with 
the articular surface of the tibia are then sawed qS transversely, and 
likewise the posterior articular surfaces of the cuboid and scaphoid 
bones. The cut surfaces of the two tarsal bones are then brought up 
into apposition with the cut surfaces of the leg bones and sutured. 
As a result of this operation the weight of the body is borne upon the 
distal ends of the metatarsal bones, the toes being extended. 

Excision of Metatarsal Bones. — ^The incisions for removal of 
these bones correspond to those employed in the hand. Every effort 
should be made to preserve the anterior extremity of the first meta- 
tarsal bone, as it constitutes the main anterior support of the arch of 
the foot. Likewise the importance of the great toe in walking should 
be rememliered. 

Excisions, Resections, and Erasions of the Larger Joints.— 

'‘Complete excision” of a joint means the removal of the articular ends 
of the bones which enter into the composition of the joint. “Partial 
excision” means the removal of the articular surfaces of one or more, 
but not all, of the prihcipal bones entering into the joint. The term 
“resection” is applied to the removal of the entire thickness of a bone. 
Excisions of joints are done for destructive disease, infective disease (to 
stop its progress), old unreduced dislocations, ankylosis in faulty posi- 
tion, and to secure greater mobility in stiff or ankylosed joints. Ero- 
sion or arthrectomy means removal of the synovial membrane, and is 
practised in intractable infective synovitides and in the early stages 
of many of the diseases for which excision may be required. (See 
Arthrectomy, p. 746.) Excisions in children, removing the epiphysis, 
stop the normal growth of the limb. Fortunately, this operation for 
inflammatory disease has been much superseded in the last few yeans 
by more conservative measures, the old dependence upon drugs in the 
treatment of tuberculosis of bones and joints having ^n replaced by 
the restoration of the patient to normal hygienic conditions — pure 
air and simple, nourishing food. For adults, too, the operative treat- 
ment of chronic inflammatory diseases of joints has been minimized 
by the application of Bier’s method of passive conge.stion. These 
advances in surgery, together with the improvements in the treatment 
of fractures and dislocations and the employment of arthrectomy, 
have made less frequent the systematic resections and excisions once 
practised so freely in the early days of the antiseptic era. 

In excisions the main blood-vessels and nerves must carefiilly be 
guarded. When excision is done to secure ankylosis, the division of 
tendons and muscles is of little moment, but when mobility is hoped 
for, the conservation of these structures is imperative. The division of 
a tendon or muscle which is to be preserved should be made obliquely 
to facilitate its subsequent suturing. In sawing off the articular end 
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of a bone it is weil to make a " conservative section ’’ ; that is, to remove 
as littie as possible, and then use the curette or gouge to complete the 
eradication of the dsease. 

The total extirpation of joints without opening the synovial sac 
can be practised with success in the case of the knee-, ankle-, elbow-, 
and shoulder-joints, and the smaller joints of the hand and foot. The 
operation has little to recommend it, and presents the decided objection 
of removing the joint without an opportunity of previously inspecting it. 

Arthrodesis (the artificial production of ankylosis) is practised 
chiefly upon the hip- and ankle-joints to improve the usefulness of the 
lower extremity in cases of paralytic relaxation and loss of control of 
the joint. Eofmann” has em- 
ployed it in the treatment of 
paralytic hip-joint luxation. It 
is of special service in perma- 
nent paralysis of the leg muscles 
controlling the ankles. The 
operation consists in opening 
the joint by means of the inci- 
sions described under Exemon 
of Joints (p. 769), thoroughly 
curetting the articular cartilages, 
applying pure liquid phenol to 
all of the articular and s 3 movial 
surfaces, washing out with alco- 
hol, cleansing with saline solu- 
tion, closing the wounds without 
drainage, and immobilizing in 
the desired position. The im- 
mobilization should be complete 
and continue for six to eight 
weeks. 

Excision of the Shoulder-joint. — ^This operation is usually a par- 
tial excision, as only the head of the humerus is. removed, i^moval 
of the head of the scapula is rarely required; when diseased, it can 
usually be treated with the gouge or curette. 

Excision thnmgh a« Anterior Incision (Ollier) (Fig. 318, A). — ^The 
patient lies upon his back close to the edge of the table with the shoulder 
somewhat raised. The arm is slightly abducted. The surgeon stands 
facing the patient, the first asdstant stands above the shoulder, beside 
the patient's head, facing the operator. An incision 4 inches long 
commences at the outer side of the tip of the coracoid process and is 
carried downward and slightly outward, following the direction of the 
anterior mar^ of the deltoid muscle. This incision is carried down 
to the joint. The capsular ligament is opened just to the outer side 
of the tendon of the long head of the biceps, and the incision carried 
down to the humerus. The periosteum and capsular ligaments are then 
elevated from this line outward as far as possible while an assistant 



Fio. 3t8 . — ^Excision of thb Siioitloer-joint. 

A, Anterior inciHion (Ollier); A, vertical incision 
(Lanjsenbeck); curved incision for osteoplastic 
excision (Senn). 
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rotates the arm inward. The periosteum, bearing the insertion of 
muscles into the greater tuberosity, is separated. The tendon of the 
biceps is then lifted out of the way, the arm rotated outward, and the 
periosteum and capsule elevated toward the axilla. The insertion of 
the subscapularis is elevated or dissected off with the periosteum. 
If the tuberosities are not diseased, the tendinous insertions may be 
more surely preserved by elevating a thin shell of bone with the 
periosteum by means of the chisel. The head of the humerus is then 
dislocated forward through the wound, the elevation of periosteum 
from the posterior surface completed, and the head of the bone sawed 
off. Any disease of the glenoid fossa is dealt with. Drainage, if neces- 
sary, is secured through a small opening made posteriorly. 

If this subperiosteal operation cannot be done, the muscles are 
simply divided from the bone without preserving their attachments. 
If only the articular head is to be removed, the division can be made at 
the anatomic neck with the key-hole saw, wire saw, or chisel, without 
lifting the bone out of the wound. Early and persistent passive 
motion should be practised. 

Excision bn the Ddloid Flap. — ^The incision begins just below the 
tip of the acromion process, passes downward and curves outward 
across the arm about 2 inches below the top of the lesser tubei'os- 
ity, then backward and upward to the top of the greater tuberosity. 
This operation has the great disadvantage that it divides the deltoid 
muscle, which, however, can be sutured. Its only advantage is that 
it gives a more free approach to the joint. 

Excision tiirough a Vertical Incision (Langenbeck) (Fig. 318, B). 
— ^The arm being rotated inward, the incision begins above at the 
anterior border of the acromion, just outside of the acromioclavicular 
joint, and passes downward about 4 inches in the line of the bicipital 
groove. The incision is carried down through the deltoid muscle to 
the tendon of the taceps. The sheath is split, the tendon retracted, 
and the joint opened through the sheath. The periosteum and capsule 
are elevated, first on the inner side and then on the outer side, the 
knife being used to separate these structures from the bone over the 
tuberosities. The operation is proceeded with as through the anterior 
incision. This incision has little to recommend it, as it destroys some 
of the nerve-fibers to the deltoid and approaches the joint through 
the thickness of the muscle. 

Excision by a Transverse Incision (N^laton). — An incision 3} inches 
long is made j inch below the edge of the acromion and parallel to it, 
having its anterior end between the acromion and coracoid processes. 
The deltoid is divided throu^ this incision and the joint freely exposed. 
The capsule is opened along the outer side of the biceps tendon and 
also transversely. 

Excision by Division of the Acromion through a Posterior Incision 
(Fig. 314, K). — Kocher carries a curved incision from the acromio- 
clavicular joint (which he opens) backward over the shoulder, along 
the acromion to its root, severing the trapezius, and from there downward 
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to the posterior fold of the axilla, ending about If inches above the lower 
border of the deltoid. The infraspinatus and supraspinatus muscles 
are separated from the acromion, and the process divided at its junction 
with the spinous process. The acromion with its attached deltoid is 
pressed over the head of the humerus. The joint is then opened along 
the line of the bicipital tendon. The tendon is retracted forward and 
the external rotators retracted backward. This exposes the head of 
the bone for such treatment as may be required. The acromion is 
sutured back in place. 

Excision by a Curved Osteoplastic Incision (Senn) (Fig. 318, 8). — 
An incision is begun at the coracoid process, curved gently downward 
and outward below the greater tuberosity, thence curving upward and 
backward the same distance, ends at the spine of the scapula. The semi- 
lunar flap thus formed is dissected up so as to expose well the acromion. 
The saw is applied, the acromion ^vided, and the fragment reflected 
downward with its deltoid connection. The capsule of the joint is 
opened and the disease dealt with. The operation is completed by 
suturing the acromion back in place with chromic gut sutures and 
closing the wound with or without drainage. 

Excision of the Elbow-joint. — One of two results should be aimed 
for in this operation: the most useful possible movable joint, or ankylosis 
in flexion at an angle of 135°. Whfle the former result should be striven 
for, usually ankylosis is preferable to a very loose joint. Complete 
excision is usually performed, for the reason that ankylosis is less apt 
to occur if all of the articular surfaces are removed. In t}q>ical excision 
the humerus is sawn through at the epicondyles, the ulna at the base of 
the coronoid process, and the radius at its neck. More than this must 
often be removed. Whenever possible all of the olecranon except its 
articular surface should be saved. When this can be done, the strong 
extensor attachment of the triceps is retained. It is also most impor- 
tant to retain the attachment of the brachialis anticus to the ulna and 
the bicipital attachment of the radius. The posterior aspect of the joint 
is superficial, the important vessels and nerves, excepting the ulnar 
nerve, all lying anteriorly. The ulnar nerve, which passes behind the 
internal condyle, lies along the inner side of the olecranon. Excision 
through the H-incision has been superseded by the method of the simple 
lateral incision on the radial side. After excision, if a movable joint 
is aimed for, the arm should be put up on a splint with the elbow flexed 
at an angle of 135°; that is, an angle midway between complete exten- 
sion and right-angle flexion. The forearm should be midway between 
pronation and supination, the thumb directed upward. Passive 
motion should be begun in about a week after operation. 

Excision by the Radial Incision (Ollier) (Fig. 319, B). — ^This is 
called the “bayonet incision.” The patient lies upon the back close 
to the edge of the table. The upper arm should be held in a vertical 
position, the forearm slightly flexed and carried across the patient’s 
cheat. In operating on the right arm the surgeon should stand by the 
patient’s loins, and in operating on the left arm he should stand a 
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little away from the patient’s side. An incision is begun 2 inches 
above the upper end of the olecranon process on the outer side of the 
arm opposite the space between the supinator longus and the triceps^ 
that is, about li inches above the external epicondyle. The incision 
is carried directly downward, parallel with the long axis of the humerus, 
to the epicondyle; thence downward and inward to the middle of the 
outer side of the olecranon; and thence again downward over the back 
of the olecranon and shaft for 1 or 2 inches. This is a skin incision, 
but over the ulna it goes down to the bone. The capsule of the joint 
is exposed by separating the triceps on the inner side and the .supinator 
longus, extensor radialis longior, and anconeus on the outer side. 
The capsule is opened, the lower end of the humerus exposed, and the 



Fio. 310. — Excision OF ELBOW-Jonh*. Fin. 320.— Excibxon of Elbow-jdimt. 

Bf Radial incision (Ollier); L, mediim incision Right angular incision (N^laton); T, 

(Langenbeck). long external and short internal incisions. 

periosteum and capsular ligament divided about the outer edge of the 
articular surface and the muscular attachments elevated with the per- 
iosteal elevator. The periosteum of the ulna, carrying with it the tendon 
of the triceps, is next elevated, beginning at the outer edge of the articu- 
lar surface. The external tuberosity of the humerus and the condyle 
are next denuded, the periosteum carrying with it the muscular and 
ligamentous attachments. The joint is then flexed, the lower end of the 
humerus dislocated into the wound, the separation of periosteum 
completed, and the lower end of the bone sawn off from one epicondyle 
to the other. The head of the radius is removed, and, after the com- 
pletion of the denudation of the ulna, the upper end is sawn trans- 
versely through. 
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Exeisim by (Ae Posterior Median Incision (Langenbeck) (Fig. 319, 
L). — ^The patient lies as in the above operation. A skin incision 
about 4 inches long, crossing the back of the joint, is made in the 
direction of the long axis of the forearm, beginning 2 inches below the 
top .of the olecranon, following the posterior border of the ulna and 
passing upward Scross the center of the olecranon depression of the 
humerus. The knife bisects the triceps tendon and passes directly 
down to the bone. The joint is opened in the same line and the parts 
retracted. First the inner half of the triceps tendon is elevated with the 
periosteum from the olecranon. The periosteum is then divided at the 
inner side of the articular surface of the humerus and the inner condyle 
is cleared. If the elevator is kept close to the bone, the periosteum 
with the attached muscles may be lifted away from the bone and the 
ulnar nerve not injured. Tlie internal lateral ligaments are also 
detached in the same way. The same process is applied to the outer 
side. When the outer condyle is reached strong retraction is necessary, 
and care must be given to keep close to the bone lest the posterior 
interosseous nerve injured. The joint is now strongly flexed, the 
lower end of the humerus extruded through the wound, cleared 'of its 
attachments os high as is necessary, the articular surface grasped with 
lion-jaw forceps, and sawed through transverseiy just below the tips 
of the epicondyles. With the joint in the same position the upper 
ends of the ulna and radius are made to protrude through the wound, 
the soft parts are retracted, and the upper end of the ulna sawed off 
horizontally, carrying with it all of the articular surface and leaving 
as much of the coronoid process as possible. The upper end of the 
radius is sawed off at the same time. 

Excision by the Right Angular Incision (Nflaton) (Fig. 320, N). — 
A longitudinal incision 3 inches long is made on the outer side of the 
joint, beginning on the outer side of the humerus about 1^ inches 
above the tip of the olecranon, and carried down behind the outer con- 
dyle to a point just posterior to the neck of the radius. From the 
lower end of this incision a second cut is carried inward at a right anj^e 
across the back of the ulna.* The triangular flap-, including the per- 
iosteum of the ulna, is dissected up. Kocher makes this incision in a 
J-curve. The external ligaments are divided and the head of the radius 
is removed. The denudation of the ulna is completed and the bone 
sawed across. The humerus is projected through the wound and 
treated as above described. This operation can only be recommended 
when the periosteum of the ulna k not divided transversely, but along 
the outer border of the olecranon, and elevated with the tendon of the 
triceps, as in the first operation described. 

Excision by the Long External and Short Internal Incisions (Hueter) 
(Fig. 320, H, T).—A lon^tudinal incision, i inch long, is carried down 
upon the front of the internal epicondyle, and the muscles and internal 
lateral ligament are separated from the bone. An incision about 
2^ or 3 inches long is then made behind the external epicondyle, ending 
below at the outer side at the head of the radius. The extenud lateral 



780 


OFEBATIONS ON BONES AND JOINTS. 


ligament is divided and the joint is opened in this line. The head of 
the radius is removed. The lower end of the humerus is denuded, as 
described above, and removed, and likewise the upper end of the ulna. 

The H indaion (Moreau) was formerly used when the triceps 
tendon was cut through. This is now rarely done. 

Partial exdaion is indicated when only a part of the articular sur- 
faces requires to be removed. When only the lower end of the humerus 
is to be resected, the radial incision of Ollier or the external and internal 
incision of Hueter is indicated. The articular surfaces of the radius 
and ulna are best exposed by the median incision of von Langenbeck 
or the lower part of Ollier’s radial incision. 

Osteoplastic Excision (von Bruns). — For exposing the joint for the 
treatment of ankylosis, fungous arthritis, old or irreducible dislocations, 
and foreign bodies, transverse division of the olecranon process is often 
of much service. This operation is best done through the external 
incision of Ollier, which may be modified to suit the requirements of the 
case. The skin is retracted from the olecranon, and this process divided 
at its base and turned up. This exposure permits of a free exhibition 
of the joint. The end of the humerus or radius may be removed and 
the articular surfaces of the ulna dealt with. Conditions within the 
joint are rendered most accessible. If desirable, a transverse skin 
incision may be added, giving still more exposure. The operation is 
completed by suturing the olecranon back in place with chromicized 
catgut or silver wire, just as is done for fracture. 

Excision of the Elhow for Ankylosis, — ^This operation is indicated 
to secure a bettor position in cases of faulty bony ankylosis. The bone 
can best be exposed by the long posterior incision. The periosteum 
should be elevated and the ulna divided. The periosteum and capsule 
are detached, and the lower ends of the humerus and, if necessary, the 
radius and ulna sawed off. This operation may be carried out through 
the incision of Ollier by the osteoplastic method. The operation may 
be still more simplified by exposing the joint through a posterior 
H incision, dividing the olecranon, and then with knife and chisel 
dividing the ankylosing structures in the joint. After operation the 
elbow should be put up at' an angle of 135°, and, if a movable joint is 
to be hoped for, passive motion begun early. 

Excision of the Wrist. — ^This operation is done for disease of 
the carpal bones, and, as the disease commonly involves the lower end 
of the radius and the upper ends of the metacarpal bones, excision of 
the articular surfaces also becomes a part of the operation. The 
wrist bones are best approached in the triangular space between the 
extensor tendons of the thumb and index-finger. At this place are no 
important structures, and free access to the wrist is secured. As in 
other parts, it should be borne in mind that a typical operation should 
not be aimed at. The surgeon should preserve the bones which are 
free from disease. This is particularly important in the case of the 
trapezium which supports the thumb. The operation of complete 
excision is best performed by an outer and inner dorsal incision com* 
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bined. After any of these operations the hand and forearm should be 
put upon a splint and passive motion should he applied to the fingers 
early. The splint must be worn for two months or more until the 
parts have become adjusted. 

Excision by Two Dorsal Incisions (Ollier) (Fig. 321, A, B). — The 
patient's hand, dorsum upward, is placed upon a small table at the 
side of the operating table. The radial incision begins over the lower 


border of the lower extremity of 
the radius, midway between the 
two styloid processes, and is carried 
obliquely downward to the outer 
side of the middle of the second 
metacarpal bone. For convenience 
in reflecting the soft parts the up- 
per end of this incision may be ex- 
tended inward li inches further. 
The tendon of the extensor indicis 
is retracted outward and the meta- 
carpal bones exposed. Care should 
be taken not to divide the dorsal 
branch of the radial nerve. The 
wrist-joint is opened and the pos- 
terior annular ligament divided. 
The ulnar incision is next made. 
It begins at a point inches above 
the tip of the styloid process of the 
ulna and passes downward to the 
base of the fifth metacarpal bone. 
It passes along the outer side of the 
tendon of the extensor carpi ulnaris. 
This incision is carried down to the 
bone, exposing the ulna, the cunei- 
form, and the unciform. Care should 
be taken to avoid cutting the dorsal 
branch of the ulnar nerve to the 



little finger. The removal of the 
carpus is accomplished by stripping 
the bones of their ligaments and 


A, B. Two doraal iticisionei (Ollier) ; C, 
ningle donal incision (Boeckel) ; i>, a, 
bilateral inciiiiotis (Lister); B, D. internal 
and external dorml ineimonB (oombiiiation 
of incieions of Ollier and Lister). 


periosteum, and lifting them out 

with the curette or forceps. The bones are removed through which- 


ever incision renders them most accessible. 


The removal of the ends of the radius and ulna is accomplished 
by making them protrude through the wound, stripping back the 
periosteum, and sawing off the diseased articular surfaces. If the 
disease is hot extensive, it may be removed by the gouge or curette. 
The removal of the proximal ends of the metacarpal bones, if necessary, 
is accomplished hi the same manner. Drainage-tubes are inserted 
and the hand put upon a Sfdint. 
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Excision by a Single Dorsal Incision (Boeckel, Langenbeck) (Fig. 
321, C). — ^This incision is placed in the interval between the exten- 
sor indicis and the extensor secundi intemodii pollicis, following 
closely the outer border of the former of these tendons. It is about 
4 inches long, and be^ns inches above the joint line over the lower 
end of the radius, and ends over the middle of the second metacarpal 
bone. The dorsal structures are dissected up by overextending the 
wrist, thus relaxing the extensor tendons. Through this incision a 
subperiosteal operation is done, but not so easily as with the two 
lateral dorsal incisions. 

Excision Through BUaleral Incisions (Lister) (Fig. 321, D, E ). — 
The radial incision begins above at the middle of the lower extrem- 
ity of the radius at a level with the base of the styloid process. 
It passes downward and outward, parallel with the tendon of the 
extensor longus pollicis, to the inner side of the first carpometacarpal 
articulation, and thence directly downward along the outer side of the 
second metacarpal bone for half the length of the bone. This incision 
is alx>ut 4 inches long, and placed so as to avoid the radial artery. It 
should pass down to the bone and sever the tendons of the extensor 
carpi radialis longior and brevior at their insertions, but not the tendons 
of the thumb, -The soft structures on the ulnar side of the incision are 
then dissected up, the wrist being strongly extended. The long and 
short extensora of the wrist are divided. The trapezium is separated 
and left for the last, if its removal is necessary. 

The ulnar incision is begun two inches almve the lower end of the ulna 
on its anterior aspect, and passes downward between the bone and 
the tendon of the flexor carpi ulnaris us far as the middle of the palmar 
side of the fifth metacarpal bone. The inner side of the wound is 
retracted, and the tendon of the extensor caipi ulnaris cut at its insertion. 
The wrist is then strongly extended and the soft structures dissected 
away from the bones. The posterior ligaments are divided, and the 
joint opened. The connection of the tendons with the radius is left 
undisturbed. The carpal bones are easily removed through these 
incisions, and the ends of the radius and ulna and metacarpal bones 
given the necessary attention. The trapezium is examined last, care 
being taken to avoid injury to the tendon of the flexor carpi radialis 
and to the radial artery. The non-articular parts of the pisiform and 
imciform bone should be left, if sound. 

Excision of the Hip-joint. — ^This operation is done usually for 
disease of the head of the femur, and is, therefore, an incomplete 
excision. When the joint is exposed, any other foci of disease are to be 
dedt with as the ease may require. The acetabulum may be diseased 
and necrotic pieces of bone required to be lifted out or carious foci 
gouged or curetted. The operation is simple, and the only condition 
which presents a difficulty is the presence of the heavy muscle{( by 
which thl^^t is surrounded. The joint is best exposed by the exter- 
nal incirion. Extension for a few days in bed or with the Thomas 
q)lint should follow the operation. 
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Excision of the Hip-joint by a Straight External Incision (Langen- 
beck) (Fig. 322, A). — ^The patient lies upon the sound side; the diseased 
thigh is flexed at an angle of 45°, and rotated slightly outward. A 
straight incision 4| inches long is made in the direction of the long 
axis of the femur. It should lie a little behind the middle of the great 
trochanter. Two-thirds of the length of the incision should be above 
the trochanter and one-third of the incision should lie on the femur. 
The upper end of the incision will thus lie about opposite the great 
sciatic notch. The knife above the trochanter is carried down to the 
muscle, the flbers of which are separated down to the joint and, below, 



Fig. 322. — Excision of the Hip-joint. 

A, Straight iiicifiion (Langenbeck); B, curved incision (Ollier); C, curved incision (Sayre); D, 

curved incision (White). 


the incision is made down to the bone. The muscle is retracted and the 
capsule of the joint opened in the direction with the line of incision. 
The capsular ligament is also divided transversely close to the acetabu* 
lum. The muscles inserted into the great trochanter are divided at 
the insertion. If the ligamentum teres has not been destroyed by 
disease, it must be divided. The thigh is now rotated inward and the 
head of the bone is didocated backward and thrust out of the wound. 
The soft parts are protected by retractors, and the diseased upper end 
of the bone sawed off. Free access to the acetabulum is thus secured. 
Further diseased bone is gouged or curetted, sinuses followed up, and 
diseased synovial membrane removed. A drainage-tube may be left 
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in the wound for a few ds3r8. The joint should be immobilized by a 
Thomas hip splint, a long side splint, or a light plaster-of-Paris case. 

Excision of the Hip by a Curved Incision. — Ollier used a curved 
incision (Fig. 322, B), beginning 3 inches below the crest of the ilium 
and the same distance behind the anterior superior spine, passing 
downward to the great trochanter, and thence down the shaft of the 
femur, uncovering the bone. Its length should be about 5 inches. 
The superficial fascia being retracted, the {d^teus maximus will be 
found posterior to the incision. The fibers of the gluteus medius and 
the gluteus minimus are separated in the line of the incision, and the 
capsule of the joint exposed without dividing the muscle. 

Sayre made a still more curved incision (Fig. 322, C), beginning 
midway between the anterior superior spine of the ilium and the top 
of the great trochanter, passing in a gentle curve dowm across the tro- 
chanter, midway between its middle and posterior border, and thence 
curving forward and downward. This incision ends just al)ove the 
level of the lesser trochanter, and is about 6 inches long. Throughout 
its whole length the knife is carried down to the bone and through the 
periosteum. The soft parts are retracted, the periosteum is divided 
transversdy just above the level of the lesser trochanter, the division 
being carried around the bone as far as possible. The two flaps of 
periosteum are stripped up, beginning at the junction of the two 
incisions. At the ^gital fossa the muscular insertions are divided 
and the separation of the periosteum continued as far as possible without 
tearing it. The thigh is then adducted and the head of the femur 
raised out of the acetabulum. The periosteum can then be separated 
around the inner aspect of the bone. The femur is then sawed through 
just above the lesser trochanter. White’s incision (Fig. 322, D) for 
exposure of the hip-joint begins at the same point above as Sayre’s, 
but makes a wider curve and passes down behind the great trochanter. 

Excision of the Hip by an Anterior Incision (Baker). — ^The patient 
lies supine, the surgeon standing by the right side of the patient. The 
incision begins i inch bdow the anterior superior spine of the ilium 
and passes downward and slightly inward for 3 inches. The opening 
through the muscles is made between the tensor vaguue femoris and the 
^utei on the outer side, and the sartorius and rectus on the inner side. 
The joint is exposed and the neck of the femur sawn through in the 
direction of the external incision. 

Excision of the Knee-joint. — As the knee-joint depends upon 
its ligaments for rigidity, a complete resection should be followed by 
bony ankylosis in order to give the best result. If it becomes necessary 
to remove the upper end of the tibia, a slice of the articular surface of 
the femur should be removed, even though it is not diseased, for the 
purpose of securing the flat bony apposition essential for good bony 
ankylosis. In children it is imperative that the epiphyseal line 
(especially the one at the lower end of the femur, as the greatest 
growth of the entire skeleton takes place here) be not disturb^ 
unless the extent of the disease makes it a^lutely necessary. 
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(See Diseases of Bones, Vol. IL, p. 17.) The epiphyseal line of the 
femur is horizontal with the tubercle of the adductor magnus. If the 
whole articular surface is taken away by a horizontal cut, the whole 
epiphysis will have been removed. The epiphyseal line of the tibia is 
horizontal with the bottom of the tuberosities behind. The facet for 
the fibula is on the epiphysis. The line slopes down ward and forward, so 
that the tubercle of the tibia is on the epiphysis. 

The line lies below the joint capsule. In 72 
per cent, of cases subjected to excision between 
the ages of three and fourteen years, deviation of 
the knee takes place as a result of unequal growth 
of the lower end of the femur.^^ After four- 
teen no deviation seems to occur. This is ap- 
parently due to the fact that the quadriceps 
muscle becomes weakened to a much greater 
degree than the flexors of the knee, the latter 
continuing to functionate because of their attach- 
ment to the pelvis. Tenotomy of the ham- 
strings in childi*en under eight years of age 
should be done after excision of the knee- 
joint. 

Operation (Fig. 323). — ^The knee is slightly 
flexed. The incision begins on the side of the 
limb opposite the posterior and upper part 
of the condyle, curves downward and across 
the front of the joint, midway between the 
patella and the tuberosity of the tibia, and ends 
at a corresponding point on the opposite side. 

This incision divides the skin and fascia down 
to the ligaments. The knee is now more 
strongly flexed, and the patellar ligament is 
divided and the joint opened. The joint is 
now strongly flexed, the patella turned up, anil 
the lateral and crucial ligaments divided. The 
posterior ligaments are not disturbed. 

The articular end of the femur is cleared of soft tissue, grasped with 
the lion-jaw forceps, and sawed through, care being taken to protect 
the popliteal vessels from injury. The same thickness of each condyle 
should be removed, to obviate the tendency to knock-knee or bow-leg. 
The bone should be divided in a line parallel to the plane of articulation. 
The foot should rest squarely upon the table, the leg be held in a per- 
pendicular position, and in this position a thin slice of the upper end of 
the tibia sawed off in a line parallel with the articular surface. This 
is best done with the flat saw. Any diseased foci not removed by these 
cuts should be removed with the gouge or the curette. Oblique lines 
of division may be employed if thereby a larger amount of healthy bone 
can be preserved. This is always possible when the disease occupies 
but one side of the bone or opposite sides of the two opposing bones. 

VOL. v—SO 



Fi'o. 323. — Excihion of the 
Knee-joint. 
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Often in such cases an osteoplastic operation in the form of a step 
may be done to advantage, thus saving in the length of the limb. The 
two bony surfaces, when apposed, should bring the leg into its natural 
line. A very slight degree of flexion is advantageous. 

The patella, if not diseased, should be left. If it is diseased, the gouge 
or the curette may be used to scrape away the affected portions. If only 
the articular surface is affected, the bone may be steadied with the iion- 
jawed forceps, and the articular surface sawn off, leaving the anterior 
part of the bone. The diseased synovial membrane 
should be removed, and sinuses and pockets cleaned 
out with scissors and curette. The reflection beneath 
the quadriceps extensors should not be neglected. 
Any diseased spots in the remaining bone should 
be curetted. 

The bones should be held together by a few 
strong sutures of cbromicized gut passed through 
the lateral ligaments, which should be trimmed to 
give the best line for suturing, or bone nails may be 
employed (Fig. 324). The divided patellar ligament 
should be sutured. The necessity for drainage will 
depend upon the conditions present. The leg is put 
upon an immobilizing spiint, and maintained im- 
mobiiized until solid bony union has been secured. 
The use of the Esmarch bandage in this operation 
permits the operation to be done more rapidly and, 
as no vessels of consequence are divided, the wound 
may be closed and the pressure- of the dressings 
depended upon to prevent hemorrhage. A small 
drainage-tube on either side of the knee for twenty- 
four or forty-eight hours is desirable. There is 
usually much pain after the operation. This may be ameliorated and 
bloody oozing diminished by elevating the foot. 

Many modifications of this operation are in use. Ollier employed 
a lateral incision along the outer side of the patella. Hahn carried the 
transverse incision above' the patella, convexity upward. Volkmann’s 
incision passes directly across the front of the patella, which is sawed 
through transversely. Kocher carries a curved incision from above 
the outer condyle downward and inward to the inner aspect of the 
tibia below the tuberosity, and chisels off the tubercle bearing the 
patellar ligament. 

Walkowitch^* of Kiew has devised an operation for excision of the 
knee-joint without opening the joint. A similar operation is described 
by Flint" of New York. This operation consists in removing the 
unopened capsule along with the two bone ends, and is performed 
through the large U-shaped incision, the synovial sac being dissected 
down from beneath the quadriceps muscle, and the bone ends sawed 
off beyond the attachments of the synovial membrane, so that they 
come away with the unopened joint capsule. 
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Arthrectomy or Erasion of the Enee-jointi — Volkmann’s method 
of performing “arthrectomia synovialis” has not been materially 
modified. The joint is opened by the U incision employed for 
resection, or the patella may be sawn through. The flap is turned up 
and the diseased tissue in the bursa back of the quadriceps is removed 
in one mass. The capsule and synovial membrane attached to the 
tibia are removed in the same manner. The dissecting out of the syno- 
vial membrane should be continued until all diseased tissue down to 
bone and muscle is removed. The crucial ligaments may be divided, 
if necessary, to reach the back of the joint. The posterior ligament 
should be preserved. After dissecting out all disease of the soft parts 
diseased foci in the bone should be sought for and treated with the gouge 
or the sharp curette. The ligaments sliould be sutured back in place. A 
small tube for drainage on either side should be arranged so that it 
can be withdrawn at the end of forty-eight hours. The knee should 
be put up in an immobilizing splint with the slightest degree of flexion. 
While Esmarch’s constriction is generally advised against, I believe 
that here, as in excision, it enables the surgeon to work more rapidly 
and more easily to discover diseased tissue, and it is, therefore, to be 
recommended. 

Senn advocates a curved incision, passing above the patella with 
the convexity upward. The patella is sawed through transversely, 
and the upper portion of the synovial sac is exposed by two lateral 
incisions. An operation which I can recommend consists in the ordinary 
curved incision, convexity downward, dividing the patellar ligament, 
and to this I add a median incision, bisecting this flap and the patella 
and freely laying open the pouch beneath the extensor muscle. This 
gives free access, obviates transverse division of the patella, adds no 
hemorrhage, and simply splits the fibers of the muscle. No attempt to 
secure mobility after arthrectomy of the knee for tuberculosis should 
be made; the best result is with ankylosis. 

Excision of the Ankle-joint. — ^This operation was formerly done 
for tuberculosis and injury. It is no longer resorted to os a typical 
operation in the latter condition; and in tuberculosis it has given 
results which have proved so unsatisfactory that it is now but little 
used. Quite invariably tuberculosis of the ankle-joint is associated 
with disease of the tarsal bones, and excision of the joint has reqmred 
subsequent operations to effect a cure. Amputation, on the whole, giv- 
ing the best assurance of a cure, and, with a good prosthetic apparatus, 
as useful a limb, has been resorted to more and more in advanced cases. 

Excision by an External Curved Ineisum (Lauenstein) (Fig. 325, L ). — 
An incision begins just posterior to the fibula, 2 inches above the malleo- 
lus, passes down the posterior border of the bone, curves forward beneath 
the malleolus, and terminates on the outer aspect of the dorsum of the 
foot at the astragaloscaphoid articulation. The fibula is exposed and 
the periosteum divided and reflected, carrying with it the two peronei 
tendons. The fibular attachment of the external lateral ligament is 
divided, and the lower inch of the fibula cut off. By retracting the 
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skin-flap and tendons the anterior surface of the lower end of the tibia 
is brought into view\ The foot is now completely inverted, exposing 
freely the articular surfaces of the joint. The necessary I’esections can 
now be made, the foot replaced, and the parts sutured. 

Excision of the Ankle bij Bilateral Incisions (Figs. 315, B; 316, B ), — 
A vertical incision three inches long is made along the anterior part of the 
fibula, ending just below the tip of the malleolus. It is joined at its 
lower exti’emity by an incision which curves around beneath the 
malleolus and ascends for one inch Ijehind the fibula. Through this 
incision the periosteum and the tendons are elevated from the fibula, 
the lateral ligaments divided, and the lower inch of the bone cut off. 
The outer aspect of the tibia in front and behind is reached through 
this wound and denuded of periosteum. An inner longitudinal incision is 
earned for three inches along the inner surface of the tibia, ending at the 



Fia. 325.— A, Excision of calcaneum (Ollier); B, excision of astragalus (Ollier); L, Excision of 

ankle-joint (Laueosteiu). 

tip of the malleolus. This i.s joined at its lower end by a short incision 
at light angles. The periosteum of the tibia is incised longitudinally 
and elevated anteriorly and posteiiorly until the denudation meets 
that which was started from the outer side. The internal lateral 
ligament is divided, care being taken to protect the structures passing 
beneath the malleolus. The lower end of the tibia is then divided with 
the small saw and removed. The articular surface of the astragalus 
is sawed off through the outer w’ound, or, if necessary, the whole bone 
may be removed. 

Exdaion of the Ankle bi/ the Transverse External inemon (Kocher). — 
The incision is begim anterioriy, j inch below the center of the ankle- 
joint, passes outward and backward below the malleolus, and thence 
curves upward to the tendo Achillis. The common extensor tendon is 
avoided, also the musculocutaneous and short saphenous neiwes. The 
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foot is strongly inverted, the external ligaments divided, the tendons 
retracted, and the operation completed as above. 

Excision of, the First Metatarsophalangeal Joint.— This opera- 
tion is lx5st done through an incision on the dorsum of the foot, placed 
just internal to the tendon of the great toe. The scar of this wound 
comes between the first and second metatarsal bones, and is least 
exposed to irritation. 

ARTHROTOMY. 

Arthrotomy, or incision into a joint, is done for purposes of drainage 
of septic joints, for the liberation of fluids and blood, for the removal 
of loose cartilages and floating bodies, for the removal of foreign bodies, 
and for the purpose of intro(lucing medication into a joint. For pur- 
poses of drainage the opening, when possible, should be made at the 
lowest part of the joint. In operating for the purpose of securing 
drainage the general principles, of surgery, demanding opening at the 
most dependent part, must often be modified by the anatomic 
peculiarities of the joint. The knee-joint, particularly, has suffered 
from this, it being customary to open it for (Irainage laterally, leaving 
the posterior half of the joint sac undrained. It is not difficult to 
reach the joint through an opening made at its most posteiior pail. 
Such an opening offers drainage at the bottom of the joint-sac as the 
patient lies recumbent; and in virulent infections is much to be pre- 
ferred to the lateral opening. Posterior drainage is test secured through 
incision directly over the posterior aspect of the condyles. This opens 
into the pouches of synovial membrane lying in front of the heads of 
the gastrocnemius. Care should be taken not to injure the long saphen- 
ous vein or the external peroneal nerve. 
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CHAPTER LXXV. 


AMPUTATIONS. 

By Warren Stone Bickham, M.D., 

NEW YORK. 


THE METHODS OF AMPUTATION. 

The Evolution of Amputation. Methods.— The methods of 
amputation have undergone a alow process of evolution, which may 
be briefly stated in the following tabular form (modified from Kocher) : 

Circular Incision. — This is the fundamental type of amputation. 
Of this, there are two varieties, and from it all other methods of 
amputation may be derived: (o) Transverse circular incision (Fig. 
326, A); (b) oblique circular incision (Fig. 326, B). 

Racket Incision. — ^This is formed by the addition of a longitudinal 
incision to the circular incision, (a) If the longitudinal incision be 



Fig. 326 . — The Evolution of Amputation Methods. 

A, TfEiwverse circular incIsioD; D. oblique circular incisiou; C. traoeveroe racket incision; D, 
oblique racket incision. (Modified from Kocher.) 


added to the transverse circular incision, the transverse racket incisioh 
results (Fig. 326, C); (b) if the longitudinal incision be added to the 
oblique circular incision, the oblique racket incision results (Fig. 
326, D). 

Note , — ^The comers of the racket incision are now generally rounded 
off, as in the oval method, the only practical difference between the 
two, as now usually employed, being that the queue is made longer 
in the racket metljod. 

Oval Incision.— This is formed by the shortening of the queue and 
the rounding-off of the angles of the racket incision, (a) If the an^es 
of the transverse racket incision be rounded, the transverse oval 
790 
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incision results (Fig. 327, A); (6) if the angles of the oblique racket 
incision be rounded off, the oblique oval incision results (Fig. 327, B). 

Rectangular ^ps are formed by adding two longitudinal incisions 
to the circular incision, (a) If the two longitudinal incisions be 
added to the circular incision, equal rectangular flaps result (Fig. 
327, C) ; (b) if they be added to the oblique circular incision, unequal 
rectangular flaps result (Fig. 327, D). 



Fig. 327. — ^1'hb Evolution of Amputation Metiioiwi. 

A, Tranavene oval incision; B, oblique oval incision; C, equal rectangular flaps; D, unequal 
rectangular flaps. (Modified from Kocher.) 

Rounded flaps are formed by rounding the angles of the rectangular 
flaps, (a) If the angles of equal rectangular flaps be rounded, equal 
rounded flaps result (Fig. 328, A); (b) if the angles of unequal rec- 
tangular flaps be rounded, unequal rounded flaps result (Fig. 328, B). 

Elliptical Method. — The position of this method, in the process of 
evolution, will be described further on. 


B 





Fig. 328. — ^Thb Evolution of Amputation Methodb. 

Af Equal rounded flaps; B, unequal rounded flaps. (Modified from Kocher.) 

Summary of Amputation Methods.— Fundamental Types. — 

Circular method; flap method. 

Modem Types. — (a) Circular and its modifications; (b) flap and 
its modifications; (c) irregular methods of amputation. 

As to Nature of Covering of Stump. — All methods of amputation 
are either — (a) Coverings of skin — ^that is, skin and fascia alone cover 
the divided muscles and bone, as in the cuff method of the circular 
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amputation, and in the simple skin-ilap in the flap method of amputa- 
tion; or (b) coverings of skin and muscle — where skin, fascia, and 
muscles, combined and unseparated, including the periosteum, cover 
the end of the bone, as in the ordinary (infundibuliforni) circular 
amputation, and in flaps of skin and muscle in the flap method of 
amputation. 

Circular Methods of Amputating.— (a) Ordinary circular method; 
(6) cuff method of circular amputation; (c) modified circular method 
of amputation (mixed method); (d) oval (or lanceolate) method; 
(e) racket method. 

Ordinary Circular Amputation. — Technic.— Stand to outer 
side of right and inner side of the left limbs, so as to grasp the limb 
between trunk and amputation-site. Determine the saw-line. Fix 
the skin-incision at a level below the saw-line equal to J of 1 J times 
the diameter of the limb (or three-fourths of that diameter) at the 
saw-line (that is, at 11.6 cm., or inches, below the saw-line, if the 
diameter of the limb at the saw-line be 16.3 cm., or 6 inches). Grasp 
the limb just above the line of the skin-incision with the left hand 
and retract the skin upward, aided, if the limb be large, by an assistant. 
With a long knife, make a circular incision, at the skin-incision line, 
through skin and superficial fascia, entirely around the limb. Free 
the skin with its superficial fascia from the muscles with their deep 
fascia, aiding the separation in the interfascial line by touches with a 
scalpel, where necessary. Retract the skin and fascia evenly around 
the circumference of the limb. Divide the more superficial layer of 
muscles circularly on a level with the retracted skin. Retract this 
more superficial layer of muscles. Divide the remaining deeper 
muscles circularly on a level with the retracted outer layer of muscles, 
and planning to come down upon the bone, or bones, far enough 
below the saw-line to allow of making a musculoperiosteal covering 
for the bone or bones. Retract the deeper muscles thus cut. Divide 
with a stout knife the periosteum circularly around the bone, or bones, 
at a distance below the saw-line equal to a good one-half diameter 
of the bone at the saw-line. Push up the periosteum from the bone 
with periosteal elevator, keeping the muscles adherent to the perios- 
teum. Apply linen (or other) retractors to the soft parts and draw 
them above the saw-line. Saw the bone or bones. If splintering 
occur, grasp the spicula with forceps and remove with finer saw. 
Allow the soft parts to drop over the end of bone, or bones, the sawed 
ends of which will form the apex of a funnel, the bone being covered 
by periosteum, periosteum by muscle, and muscle by fascia and 
skin. Tie the vessels, cut the nerves and tendons short, and 
remove any tags of connective tissue or skin. Suture the musculo- 
periosteal covering over the end of bone or bones. Quilt the muscles 
together in one or two layers. Suture the skin and fascia antero- 
posteriorly and at)ply the dressing and supporting splint. 

The resulting stump is evenly covered on all sides by muscle and 
skin, the bone being particularly well protected and on a higher 
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level above the surface of the stump than in any other form of amputa- 
tion. The scar is terminal, anteroposterior, if the wound be sutured 
from before backward, lateral, if sutured fn)m side to side. 

Indications. — In limbs more or less evenly surrounded by muscles: 
lower part of forearm (sometimes), arm, and thigh. 

Comment. — (1) Owing to unequal retraction of the skin in some 
localities (as the antcro-intemal aspect of the arm and thigh) the 
circular incision may have to be planned obliquely and only become 
circular after the incision, and may also have to be planned lower. 
(2) A pure ordinary circular (infundibuliform) amputation is impossi- 
ble in a limb of rapidly Increasing girth, as it is impossible to retract 
the soft parts. A single lateral vertical incision through skin and 
fascia, or double lateral incisions, may become necessary in order to 
free the parts, when it ceases to be a typical infundibuliform amputa- 
tion. 

Cuff Method of Circular Amputation.— Technic.— The steps 
of the operation are similar to those of the ordinary circular amputa- 
tion up to the completion of the circular incision through the skin 
and superficial fascia. The skin and subcutaneous tissue are then 
turned back upon themselves as a cuff, the freeing being done by 
means of the fingers of the left hand, aided by touches of a scalpel, 
until evenly retracted all around. On a level with the retracted cuff 
the muscles arc circularly divided down to the bone, the site at which 
this division takes place being such as will allow of ample and easy 
covering of the transversely divided muscle by the skin and fascia — an 
average calculation being that about one-third of the total dis- 
tance from saw-line to line of skin-incision should be given to skin 
and fascia alone. The sulwequent steps of the operation, including 
the musculoperiosteal covering fur the bone, being the same as for 
the ordinary, or infundibuliform, circular amputation. 

The resulting stump is apt to lx: more or less irregular in contour, 
and not so well padded, owing to the nature of the parts used for 
covering. The scar lies as in the ordinary circular amputation. 

Indications. — It is most frequently used where the soft coverings 
are more tendinous than muscular: e. g., wrist, lower part of forearm, 
ankle, and lower part of leg (in thin subjects). 

Comment.— (1) and (2) The same comments made under (1) and 
(2) of the last operation apply equally here. (3) Owing to the ^ater 
proportion of sUn in this covering and the division of muscles in one 
layer, as well as the number of tendons present in the sites where this 
method is generally used, the covering of the bones is not so satis- 
factory as in the ordinary circular method. 

Modified Circular Amputation.— General Description . — Tyro 
equal flaps, composed of skin and fascia, of vaiying length, and having 
bases equal to one-half of the circumference of the limb at their upper 
ends, are cut and dissected up a short distance, followed by a circular 
sweep of the knife through the retracted superficial musdes, and by 
a second circular sweep at a higher level, through the retracted 



794 


AMPUTATIONS. 


deeper muscles, and completion of the operation as in the ordinary 
circular amputation. 

Technic. — Having fixed upon the saw-line and having marked a 
point below the saw-line equal to ^ of diameters of the limb at the 
saw-line (that is, three-fourths of the diameter at the saw-line), two 
equal flaps of skin and fascia (of this length) are planned. These 
flaps have bases equal to one-half the circumference of the limb at 
the level of their upper limit, and their length will be equal to one- 
third or one-half of the total distance between the saw-line and the 
lowest limit of skin covering (generally one-third in slender, 01-formed 
limbs, and often one-half in large, tapering limbs). The flaps are 
usually lateral ones, but may be anterior or posterior. Retracting 
the skin with the left hand, l}egin the incision at one midlateral aspect 
of the limb, at a level above the lowest limit of the skin-incision, equal 
to one-third or one-half, as the case may be, of the distance between the 
saw-line and the lowest limit of the skin-incision, pass vertically down- 
ward through skin and fascia, until nearly at the level of the lowest 
skin-incision, thence round forward into the line of lowest skin-incision, 
in a bluntly rounding manner, and complete the opposite end of the 
same flap in the same manner. Then make the opposite flap in the 
same way as the first one, corresponding in shape and size. Dissect 
these flaps of skin and fascia back to just beyond their bases. While 
the flaps, and the muscles also, are retracted, divide the more super- 
ficial muscle circularly; retract these, and divide the deeper muscles 
similitrly, making the usual provision for the musculoperiosteal 
covering. The operation is completed as in the ordinary circular 
amputation, the skin and fascial flaps being sewed over the quilted 
muscles, the bone being at the apex of a funnel which is somewhat 
shallower than in the infundibuliform variety of circular amputation, 
owing to the muscles having been divided at a higher level. 

Resulting Stump. — While not covering the end of the bone with 
quite as thick a padding of soft parts, its general features are the same 
as those following the ordinary circular method. The main part of 
the scar is terminal, but its ends are apt to be partly lateral. 

Indications. — This is the form of circular amputation most fre- 
quently used, and is adapted to a greater number of sites than the 
ordinary circular or the cuff modification of the ordinary method. 

Comment. — (1) The skin-flaps may be cut of unequal lengths. 
(2) The muscles may be divided at one level. (3) This form of circular 
amputation has largely replaced either of the other forms. 

Oval Method of Amputation.— Technic.— This amputation 
being generally used in disarticulations, the upper or pointed end of 
the oval usually begins just above a joint-line and upon its outer or 
anterior aspect, the limbs of the oval parting at an angle sufficient 
to include the head of the distal bone, and sweeping thence in a curve 
down the lateral aspects of the limb, passing, finally, transversely 
toward each other, to meet upon the inner or under surface of the 
distd limb and at a distance beneath the line of articulation calculated 
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to furnish sufficient covering for the head of the proximal one of the 
bones making up the joint. Having completed the incision through 
skin and fascia, one of two courses may then be adopted: (a) The 
incision may then be deepened throughout direct to the bone, by 
cutting from without; the deep incision, from the point where the 
arms or limbs of the oval begin to diverge, following the line of the 
retracted skin. This is the general method in all of the smaller 
disarticulations and in most of the larger, (b) Or the joint may be 
opened by the more vertical part of the incision, and, after disarticu- 
lation, the muscles may be cut from within outward, on a line with 
the retracted skin. Having tied the vessels and cut the nerves and 
tendons short, the wound is sutured in its long axis. 

Resulting Stump. — The end of the bone is very fully covered, 
except where the head or articular end of the proximal bone is dis- 
proportionately large. The scar is terminolateral. 

Indications. — A form of amputation generally used for disarticulat- 
ing a limb from the trunk, or a smaller limb from a larger limb. The 
method admits of first opening the joint for investigation before 
finally deciding upon amputation, and it also admits of securing the 
vessels before removing the limb. 

Comment — ^The suture-line may run anteroposteriorly in one 
straight line, or the free, lower convex border of the flap may be 
turned over and sutured to the upper angular concavity of the 
wound. 

Racket Method of Amputation. — Technic. — I’ractically similar 
to the oval amputation, except that the queue of the racket begins 
considerably farther back over the head of the proximal bone forming 
the joint, and along this single straight line the knife travels some 
distance before the arms of the racket begin to diverge. After the 
I)eginning of the divergence of the limbs of the racket the operation 
is completed as in the oval operation. 

Resulting Stump. — ^More satisfactory covering is secured by the 
racket than by the oval method of amputating. The scar is termino- 
lateral. 

Indications. — Disarticulations of the shoulder- and hip-joints and 
of the digits from the hand and foot (especially, in the latter instances, 
where a metatarsal or metacarpal bone is removed with the digit). 
As in the oval method, but to a much greater extent, the racket method 
admits of a preliminary examination of the joint through the vertical 
portion of the incision before deciding upon amputation. The vessels 
may also be secured before entirely separating the limb. The muscles 
in the stump are better preserved. 

Comment — (1) The queue of the racket should be placed, if possi- 
ble, over an int^muscular septum and be deepened in the septum. 
(2) Amputation by a T-shaped incision is, practically, a form of racket 
mcision. (3) The suture line may run anteroposteriorly (or from the 
outer to the inner aspect of the part), which is to be preferred. Or 
ihe upper portion of the queue may be sutured in this manner and 



796 


AMPUTATIONS. 


the lower convex portion of the flap brought up and sutured to the 
angular concavity formed by the divergence of the lateral limbs of 
the racket. 

Flap Methods of Amputating. — (a) Single flap of skin and 
muscles, (b) Single flap of skin, (c) Equal flaps of skin and muscles, 
(d) Equal flaps of skin, (e) Unequal flaps of skin and muscles. (/) 
Unequal flaps of skin, (g) Elliptical method, (h) Unequal rectangu- 
lar flaps of skin and muscle. 

Amputation by Single Flap of Skin and Muscles.— Technic 

Having flxed upon the saw-line (or line of disarticulation), a point is 
determined upon below this line, and on that aspect of the limb which 
is to furnish the flap, which will represent a distance below the saw- 
line equivalent to diameters of the limb at the saw-line. A flap 
is then marked out with a base equal in width to a half-circumference of 
the limb at the saw-line, and a length equal to diameters of the 
limb at that line. Grasping the limb as in the ordinary circular 
amputation, the knife is entered at the far upper end of the base of 
the flap, at a right angle to the skin, and passes vertically down the 
mid-axis of the limb to near the lower limit of the flap, where it forms 
a squarely or bluntly rounded corner to the flap, thence passes' trans- 
versely along the lower limit of the flap, and completes the opposite 
limb of the flap symmetrically with the first limb. This incision 
passes through skin and fascia. When this integumentary flap has 
retracted, the muscles are cut obliquely on a line with its retracted 
edges, so directing the knife as bluntly to bevel the muscular portion 
as the knife cuts its way from without inward and upward. This 
incision passes obliquely through all the muscles and is planned to 
come down upon the bone at a distance beneath the saw-line equivalent 
to a good diameter of the bone at the saw-line, thus providing for a 
musculoperiosteal covering. The knife is then carried through the 
periosteum so as to form a musculoperiosteal flap with a base of 
half the bone at the saw-line and a length of once the diameter. The 
musculoperiosteal covering is then detached back to the saw-line. 
Divide the hitherto undisturbed soft parts on the opposite side of the 
limb by a circular sweep of the knife, passing through the skin and 
fascia of the half-circumference a little below the level of the base of 
the single flap, and through the muscles on a level with the base of that 
flap, including the periosteum. Retract all the soft parts on the 
proximal side of the saw-line and divide the bone. Suture the 
musculoperiosteal flap over the bone, the free edge of the periosteal 
flap being sutured to the half-circumference of the opposite aspect of 
the periosteum. Quilt the lateral and terminal aspects of the cut 
muscles in the flap with the transversely cut ends of the muscles on 
the opposite aide of the limb. Suture the terminal and lateral aspeefe ol 
the skin of the flap to the transversely divided skin of the opposite side. 

Resulting Stump. — The stump is at first well covered with muscl<‘, 
and, when this atrophies, by the replacing fibrous tissue. The scar 
is lateral. 
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Indications. — Cases of injury so destroying the soft parts as to 
leave those of but one aspect available. Also in such cases as Fara- 
beuf’s amputation of the upper third of the leg by a single external 
flap of skin and muscles, or Dubreuil’s disarticulation at the wrist 
by a single external flap of skin and muscles. 

Comment. — (1) In all flaps skin must be longer than muscle. (2) 
There is sometimes an excess of muscle in a flap, part of which should 
be removed in the process of beveling, but a fully muscle<l flap is 
generally desirable. (3) A flap of skin and muscle is more apt to live 
and makes a better eovering than one of skin alone. (4) While the 
muscular tissue as such may not remain in the tissues of a stump, the 
muscle-fibers undergoing atrophy, yet the fibrous tissue matting and 
padding together of the parts is left in its place. (5) A single flap 
requires the maximum sacrifice of limb, one side of the limb furnishing 
the entire covering and the bone being consequently divided at a 
higher level. 

Amputation by a Single Flap of Skin.— Technic.— Having 
incised through skin and fascia, this integumentary flap is dissccttxl 
up from the muscles throughout, including all overlying fascia, and 
is retracted above the saw-lino (or disarticulation-line, w.hen the bone 
is sawed or disarticulated, and the flap droppe<l over the end of the 
limb, its terminal aspect being sutured to the transversely divided 
skin of the opposite side. 

Resulting Stump. — It is very thinly covered, but as the skin so 
utilized is generally accustomed to pressure, the result is usually 
satisfactory. 

Indications. — Such localities as the knee-joint (disarticulation by 
a single anterior flap) or the elbow-joint (disarticulation by a single 
posterior flap). 

Comment. — (1) As this method is generally used in a disarticula- 
tion, a eapsuloperiosteal covering may sometimes be provided. (2) 
Nutrition of a single flap of skin and muscle is more difficult to main- 
tain than in the more ordinary methods, and the nutrition of a flap 
of skin alone is even harder. (3) Skin-flaps are more used now than 
formerly, because, owing to rarer suppuration, their vitality can be 
more counted upon. 

Amputation by Equal Flaps of Skin and Muscle. — Technic. — 

The preliminaries being the same as in the ordinary circular amputar 
tion, two flaps are marked out, each having a width of base equal 
to the half-circumference at the saw-line and a len^h equal to three- 
fourths of the diameter of the limb at that same line. ^ With a large 
scalpel incise along the outlined flaps, pasring through skin and connec- 
five tissue. When these integumentary flaps have retracted, proceed 
to form the remainder of the flaps, cutting obliquely along the margin 
•f the retracted skin in such a manner that the flaps will be bluntly 
* oot thinly) beveled, directing the knife so that the beveling will be 
•Teatest (though not thin even here) at the tip and thickest toward 
ke base, and coming down upon the bone, or bones, a distance below 
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the saw-line equal to a full diameter of the bone (or of the bigger bone) 
to allow for musculoperiosteal covering. At this level make a circular 
cut around the bone through the periosteum with a heavy knife, 
detach the musculoperiosteal covering of the bone upward to the 
saw-line, retract the soft parts, divide the bone, suture the musculo- 
periosted covering, quilt the muscles, and suture the skin. 

Resulting Stump. — As a rule, it is excellently covered by substan- 
tial tissues. The scar is terminolateral. 

Indications. — In the continuity of limbs (between joints) where the 
bone or bones are equally covered with soft parts. 

Comment. — (1) The simplest form of making double flaps is by 
two vertical incisions down the opposite sides of what has been begun 
as a circular method. (2) One flap may be cut from without inward, 
and the other by transfixion. (3) In very muscular limbs it makes 
the meeting of skin over the muscles easier if about 2.5 cm. (1 inch) of 
skin and fascia are dissected up from the muscle, after marking out 
and dividing the skin and fascia, and then cutting the muscles to the 
bone in a beveling fashion. 

Amputation by Equal Flaps of Skin. — This operation is the 
same in general contour and dimensions of the flaps os the last, except 
that the covering here consists of skin only. 

Technic. — Having incised through skin and fascia, upon the same 
lines as in the last form of amputation, the two equal flaps of integu- 
mentary tissues are dissected up to a level below the saw-line which 
will allow of providing a musculoperiosteal cpvermg; at this level the 
muscles, after retracting the skin, are circularly divided down to the 
bone, this circular incision is continued, on the same level (one-half 
diameter of the bone below the saw-line) around and through the 
periosteum, the periosteum is then retracted, with the overlying 
muscles, to the saw-line, and the bone divided. The musculoperiosteal 
covering is then sutured over the bone, and the skin-margins sutured 
together. 

The resulting stump is thinly covered, no muscle being present, but 
is generally satisfactory in the localities where adopted. The scar is 
terminolateral. 

Indications. — Where a satisfactory muscle covering is hard to 
secure, as in the lower third of the forearm and leg and in the fingers, 
the tendons predominating in these localities. 

Amputation by Unequal Flaps of Skin and Muscles.— 
Technic. — This amputation is identic^, except as to the length of the 
flaps, with the amputation by equal flaps of skin and muscle. 

The resulting stump is generally well covered, with the scar either 
entirely lateral or partly lateral and partly terminal, dependent upon 
the preponderance of one flap over the other. 

Indications.— Thigh and arm throughout, and upper parts of 
forearm and leg. 

Amputation by Unequal Flaps of Skin.— The coverings are of 
skin and fascia alone and are furnished by the two opposite aspects 
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of the limb, in the form of two flaps having equal bases and unequal 
lengths. This amputation is identical throughout with the amputa- 
tion by equal flaps of skin, except as to the length of the flaps. 

Amputation by Unequal Rectangular Flaps of Skin and 
Muscles (Teale’s Method). — ^Technic. — Having fixed upon the saw- 
line, two flaps are marked out, having their bases at that line and 
extending downward as described below. Find the circumference 
of the limb at the saw-line. The longer flap is to have its length and 
its breadth equal to a half-circumference at the saw-line. The shorter 
flap is to be one-fourth of the length of the longer, and its breadth 
equal to the remaining half-circumference at the saw-line. The 
longer flap should be of the same width all the way down. The 
shorter flap will have a width at its free end equal to very nearly a 
half-circumference of the limb at the level where it terminates (as 
that level, in the case of the shorter flap, is so short a distance beneath 
the saw-line). Having marked out these flaps, which should be 
accurately measured, the vertical parts of the incision should be made 
from above downward, connected at their lower ends by the transverse 
incision which marks the limit of the longer flap, and by another 
transverse incision across the opposite half-circumference of the 
limb, at the proper level, marking off the lower limit of the shorter 
flap. These incisions at first involve skin and fascia only. When 
retraction has occurred (making a difference in the transverse incisions 
only), they are deepened throughout to the periosteum. The vertical 
limbs of the flaps are first cut to the periosteum, then the lower 
transverse limit of the longer flap, which is dissected up above the 
lower limit of the shorter flap, which in turn is cut transversely to 
the periosteum and dissected up. When a level below the saw-line 
is reached equal to a half-diameter of the bone at the saw-line, a 
circular incision is made through the periosteum and a musculo- 
periosteal covering raised. All the soft parts are now retracted above 
the saw-line and the bone divided. The musculoperiosteal covering 
is sutured. The longer flap is lient over the end of the bone, its end 
being sutured to the end of the shorter flap, the lateral aspects of the 
shorter flap are sutured to the lateral aspects of the longer, and the 
lateral aspects of the bent-over portion of the long flap are sutured 
to the contiguous lateral aspects of the unbent portion of the long 
flap. The muscles are quilted prior to suturing the skin. The part 
is well supported by splint, with only light pressure over the bent 
longer flap. 

Resulting Stump. — An H-shaped cicatrix is formed upon the 
aspect of the limb furnishing the shorter flap. The end of the bone is 
well covered when the long flap contains a preponderance of muscle, 
less well covered when containing a preponderance of tendons. 

Indications. — In the lower part of the leg (where the longer flap is 
taken from the anterior aspect), and sometimes in the lower forearm 
(where the longer flap comes from the po^rior aspect). 

Elliptical Method of Amputation.— This is not a distinct form 
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of amputation. It may be considered a variety of the circular method 
(an oblique circular), or, equally, a variety of single-flap amputation. 
It is circular, as to skin-incision; and flap, as to its manner of covering 
the stump and in the suturing. The skin-incision is in the form of 
an ellipse or a lozenge, the upper part of the ellipse being upon one 
aspect of the limb and the lower part upon the opposite, the lateral 
limbs of the figure crossing the lateral aspects of the limb to be ampu- 
tated. 

Technic. — Having fixed upon the saw-line (or line of disarticula- 
tion), a point is determined above this, on, say, the posterior aspect 
of the limb, which is just above the saw-line. This becomes the highest 
point of the ellipse. The point marking the lowest point of the ellipse 
is placed upon the opposite side of the limb, at a distance below the 
saw-line equal, approximately, to I J diameters of the limb at the saw- 
line (as there is but this one source of covering). Between these two 
points the lateral limbs of the ellipse pass, crossing the lateral aspects 
of the limb to be operated obliquely, from above downward, and so 
planned as to give a well-rounded convex termination of the ellipse 
below to be brought up and fitted into a corresponding concavity 
above. The incision first passes around the outline of the ellipse, 
through skin and fascia only. Around the lower three-fourths of the 
line of this retracted skin and fascia a second incision passes through 
the muscles to the bone. The soft parts (skin and muscles) forming 
the lower part of the ellipse (the part that is to remain attached to 
the limb which is to be retained) arc now dissected up from the bone 
to a point sufficiently below the upper limit of the ellipse to allow a 
musculoperiosteal or capsuloperiosteal covering to bo raised, and 
then on up to just below the upper limit of the ellipse (that is, to the 
saw-line or line of disarticulation). This large single mass of soft 
parts is w'ell retracted, and the muscles on that aspect of the limb 
opposite to the one furnishing the muscles in the elliptical covering 
arc circularly divided, and the limb sawed, or disarticulated, pre- 
serving the periosteum in the usual way. The lower convexity of the 
elliptical flap is now sutured into the upper concavity left by the part 
of the limb removed, the musculoperiosteal, or capsuloperiosteal, 
covering and the muscles being treated in the general manner by 
buried gut sutures, and the skin wound closed. 

Resulting Stump. — The ellipse is generally taken from a locality 
which affords a plentiful covering for the extremity, which is thus 
well provided for. The scar is lateral. 

Indications. — Chiefly used for disarticulations, especially at the 
elbow and wrist, and in the supramalleolar amputation. 

Comment. — ^The muscle portion of the ellipse may be cut also by 
transfixion, though, as usual, less satisfactorily. 

Irregular Methods of Amputation.— This is a special feature 
of modem surgery. Formerly amputations were done upon hard- 
and-fast lines. Now there is a marked tendency to allow the method 
of amputation to be determined by the special features and need of 
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the individual casOi and^ as a result, irregular amputations are more 
commonly done. These, while accomplishing the general indications, 
are not bound by any set rule, shape, or measurement. On common- 
sense ground the practical surgeon, therefore, should adapt his 
method of amputation to the case in point, rather than be bound by 
any fixed form of amputation. The greatest field for irregular forms 
of amputation is in cases of injury and deformity, rather than of 
disease. 

Selection of Amputation Method.— Many considerations enter 
into the determination of the best method of amputation in a par- 
ticular case, and the choice should be given to that method which 
promises to fulfil the greatest number of the following features: 

Characteristics of Good Amputation Methods.— (1) Minimum 
sacrifice of healthy tissue; (2) best permanent bone-covering; (3) 
small wound area; (4) good blood-supply to stump; (5) favorably 
placed cicatrix; (6) efficient drainage; (7) simplicity of method; (8) 
vessels and muscles cut transversely; (9) possibility of getting satis- 
factory musculoperiosteal covering; (10) ease of exposing bone at 
saw-line; (11) ease of bringing soft parts together over bone without 
tension; (12) adjustability of artificial limb; (13) largest range of 
adaptability; (14) shapeliness of resulting stump; (15) rapidity of 
method. 

Comment. — Circumstances may determine the selection of an 
amputation method known in advance not to be the best, for instance, 
owing to the increased mortality in approaching the trunk a limb may 
be removed, in a case where the vitality of the patient demands that 
every chance be given him, at a level which, while increasing his 
chances for life, may not furnish the best covering. Again, in amputat- 
ing about the hand, it may conserve the interest of the patient better 
to be satisfied with even a partial flap and allow the remainder to heal 
by granulation, rather than remove an additional J cm. (i inch) of 
an important finger. Rapidity of method used to be the chief con- 
sideration, but is now the last in importance, except in special in- 
stances — other considerations taking precedence— the operation being 
done with deliberation and precision. 

Features of the Circular Method of Amputating. — (1) Minimum 
sacrifice of bone and soft parts of any method. (2) Bone especially 
well covered in the infundibuliform variety. Conical stump sonae- 
times follows retraction, especially in the cuff and modified varieties 
of the circular. (3) Smallest wound area of any method. (4) Tissues 
of stump well supplied with blood. (5) Cicatrix terminal.^ (6) 
Efficient drainage when sutured anteroposteriorly. (7) Most simple 
of any method. (8) Main vessels and muscles cut transversely. (9) 
Musculoperiosteal covering well provided. (10) Exposure of bone at 
saw-line not always easy. (11) Not always easy to bring soft parts 
together over bone. (12) Terminal cicatrix favorable for hollow 
artificial limbs; unfavorable for solid limbs of lower extremity. (13) 
Unfavorable for amputation following injury involving the aspects of 
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the limb to unequal heights. (14) Somewhat greater tendency to 
become conical. (15) Most rapid of any method. 

Features of the Flap Method of Amputating. — (1) Greater sac- 
rifice of bone and soft tissues (especially in unequal flaps). (2) 
Coverings of bone can be more largely regulated to suit demand. 
Conical stumps less apt to follow than after the cuff and modified 
forms of the circular. (3) Greater wound area. (4) In long flaps 
the blood-supply may hot be so satisfactory. (5) Terminal or termino- 
lateral cicatrix— can be planned as desired. (6) Drainage as efficient 
as in the circular if the flaps be lateral. Not so efficient if the flaps 
be anteroposterior. (7) Not so simple as the circular. (8) Muscles 
divided obliquely; vessels also, and latter may be split up. (9) 
Musculoperiosteal covering well provided. (10) Bone easily exposed 
at the saw-line. (11) Flaps easily brought together over bone. (12) 
Terminal cicatrix favorable for any hollow artificial limb. Terminal 
portion of terminolateral cicatrix pressed upon by solid lower limb, 
and lateral portion pressed upon by any hollow artificial limb. (13) 
Favorable for amputations following injury involving the aspects 
of the limbs unequally. Adaptable to any part of any limb. (14) 
Stump apt to be more shapely than that of the circular. (15) Less 
rapid than the circular. 

Circumstances Influencing Death-rate after Amputation. — The 

death-rate is greater — (1) The nearer the amputation is to the trunk; 
(2) in the lower than in the upper limbs; (3) for injury than for disease; 
(4) in men than in women; (5) between the ages of five to fifteen than 
before or after. 

PRIMARY, INTERMEDIATE, AND SECONDARY ASIPUTATIONS. 

In amputations done for disease the time for operation may be 
selected which will coincide with the patient’s b^t condition to meet 
the procedure. Amputations done for injury are primary (performed 
immediately after the reception of the injury), intermediate (in the 
course of wound repair), or secondary (after healing). In primary 
amputations the operation should be done at once if the general 
condition of the patient permit. If the condition of shock (from 
physical effect and blood loss) contraindicates immediate interference, 
stimulation, intravenous infusion, direct transfusion of blood (p. 615), 
the application of heat, and the like, should be rraorted to, and the limb 
removed during the reactionary period (generally within thirty-six 
hours). If the condition of shock is thought to be kept up by the 
damaged limb, amputation should be done at once, the above meas- 
ures of revival being maintained the while. 

ENDONEURAL INFILTRATION WITH LOCAL ANESTHETIZING AGENTS 
IN THE COURSE OF THE LARGER AMPUTATIONS. 

It has been recommended, in addition to general anesthesia in 
performing amputations of greater importance, to “block” the 
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nerve-trunks as they are encountered in the course of the amputation 
by the local injection of cocain, eucain, or other anesthetizing solution. 
By this means it is thought that lowered blood-pressure and shock 
would be lessened. 


THE AnPUTATION STUHP. 

QuAlities of a Good Stump. — Firm in consistency, well covered, 
insensitive, of regular and symmetric contour. The death-rate and 
the quality of the stump determine the success of any form of amputa- 
tion. The following features are characteristic of a good stump and 
also indicate the changes which follow successful amputation: 

Skin. — Not adherent, except at cicatrix. Capable of withstanding 
(and, preferably, accustomed to withstand) pressure. Plentifully 
supplied with blood. 

Muscles. — The muscles of a stump are not retained as such; the 
muscle tissue disappears in greater part and is replaced by fibrous 
tissue. ExceptiomUly some muscle tissue remains and continues to 
function. The mass of fibrous tissue which replaces it, however, 
serves a useful purpose as padding over the end of the bone. In brief, 
muscle tissue tends to decrease and fibrous tissue to increase. Mus- 
cles and tendons either become incorporated in the cicatrix, form new 
attachments to bone, or retract out of the way. 

Bone. — The ends of the bones become rounded and the medullary 
canals closed by fibrous tissue. The end of the bone may either 
dwindle and atrophy, or the periosteum may, exceptionally, deposit 
an excess of bone. The shaft of the bone in an amputated limb also 
atrophies somewhat. 

Cartilage. — Following a disarticulation, the articular cartilage left 
atrophies and sometimes entirely disappears. 

Nerves. — Also atrophy to a greater or less extent. The ends 
generally become bulbous, but give no trouble unless they become 
adherent to bone or cicatrix. 

Vessels. — Share in the general atrophy, and dwindle to a size 
commensurate with the parts to be supplied. Ligated trunks become 
obliterated to their nearest branch. Collateral circulation is estab- 
lished. 

Characteristics of a Bad Stump. — In contradistinction to the 
general qualities of a good stump, a bad stump may be flaccid, scantily 
covered, sensitive, of irregular contour, and may be further charac- 
terized by the following conditions; 

Skin. — Thin, scanty, tightly drawn, adherent, puckered, cold or 
purple from improper circulation, ulcerated from the same cause, or 
from trophic changes, develop corns, and may become mMignant. 

Musdes. — See the changes mentioned in the last section. 

Connective Tissue. — Bursm may form. 

Bone. — Osteitis, periosteitis, and necrosis may occur. 

Two special forms of bad stump are met with: 
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Painful Stump.— This may be due to osteitis or periosteitis, but is 
generally due to compression of the nerve. The nerve may be directly 
pressed upon by new bone or fibrous tissue may be stretched over 
the stump, or may be the seat of neuritis. The end of a painful nerve 
is generally bulbous, but often normal-looking nerve-ends are sensitive 
and bulbous ones non-sensitive. 

Conical Stump. — The end of the Ijone forms the apex of a cone 
which may be the result of one or more of the following causes — (1) 
Flaps cut too short or bone too long. (2) Sloughing or suppuration 
of the soft parts. (3) Postoperative contraction of muscles. (4) 
Growth of the bone from an active epiphysis in the young. This is 
especially to be anticipated in amputations of the upper arm and of 
the leg below the knee, since the chief growth of the humerus and 
tibia and fibula in length is at the upper end. Hence in the young 
the flaps should be made longer than usual. 

Comment. — Unfavorable changes are less apt to occur in case of 
primary union than in the reverse. 

Contractility of the Tissues of the Stump. — Skin.— The 
average contractility of the skin is equivalent to about one-third of 
its length. It is most contractile where thinnest, where the subcu- 
taneous tissue is least, where its attachment to underlying parts is 
least, where it is least stretched by movements, and where the process 
of healing has been longest. It is least contractile where the opposite 
conditions exist. 

Muscles. — The extremes of mu.scular contractility vary from a 
slight separation of divided parts up to a retraction of four-fifths of 
their length. Contractility is primary, where it occurs at the time of 
the operation, and secondary, where it occurs subsequent to the 
operation. Muscles contract most 'which are freest between origin 
and insertion, which have long fibers, and where the process of healing 
has been longest. The larger the muscle, the greater the amount left 
in the flap, and the younger and healthier the subject, the greater the 
contraction. Muscles contract least where the conditions are the 
reverse. 

%in, Fascia, and Muscles. — The average contractility of the mixed 
tissues of a flap, or covering, is generally equivalent to about dne- 
third of the length of the flap or covering. Additional length, 
however, should be allowed in calculating the length of coverings — 
(1) When the transverse section of the bone is large as compared with 
the transverse section of the soft parts; (2) when the amputation is 
considerably below the origin of the muscle involved; (3) when 
secondaiy retraction is expected. 

Position of Stump-cicatrices. — ^The cicatrix should be so 
placed as to be the least exposed to pressure after the healing of the 
wound. 

With Reference to Their Pontion. — Scars may be terminal — at the 
end of the stump; lateral — on one or more sides of the stump; termino* 
lateral — occupying the end and side of the stump. 
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With Refweace to Thoir Production. — The following methods of 
amputation produce the following kinds of scars: Circular is followed 
by terminal scaiv-elliptic, by lateral scar, if the ellipse be oblique, and 
terminal if the ellipse be nearly horizontal; oval, by terminolateral ; 
racket, by terminolateral; single flap, by lateral scar; double flap, by 
terminal scar, if the flaps be equal, and lateral if the flaps be unequal. 

Comment. — (1) Other things being equal, that method of amputa- 
tion should be chosen which wDl bring the scar in the most favorable 
position for that particular case, and especially with reference to the 
subsequent functioning of the stump and its adaptability to an 
artificial limb. (2) In amputating in some situations the muscles of 
one group being so much stronger than those of another, will often 
draw a scar, terminal at the time of operation, much higher up upon 
one aspect than it will be drawn on the opposite aspect. Allowance 
for such an occurrence has, therefore, to be made. 

Function of Amputation Stumps.— In the Upper Extremity.— 
The chief function of the stump in the upper extremity is range of 
movement and power to wield an artificial limb, rather than to bear 
pressure and weight. As the chief pressure of an artificial limb 
comes upon the lateral aspects of the stump, the scar of the stump in 
the upper extremity is best when terminally placed. 

In the Lower Extremity. — The chief function of the stump in the 
lower extremity is to bear pressure and weight. As the chief pressure 
of a solid artificial limb comes upon the end of the stump, the scar of 
the stump in the lower extremity is best when laterally placed in those 
cases in which a solid artificial limb is to be worn. As, however, most 
modem artificial limbs for the lower extremity, for the better classes, 
are hollow, there is not now made the same (lifference as formerly. 

The Modem Type of Artificial Limb. — While the above was particu- 
larly true of the older, cruder forms of. artificial limbs (and is still true 
of the peg-leg), the modern forms of artificial limbs are nearly always 
made upon the basis of a light, hollow cone, and are so adjusted as 
largely to adapt themselves to the conditions found, and, generally 
speaking, most of the pressure is on the lateral, aspects of the stump 
and living limb against the sides of the hollow cone of the artifici^ 
limb, so that pressure is exercised upon the lateral aspects of the living 
stump and limb rather than upon the end; and in the lower as well as 
in the upper extremity. 

Comment. — A function of the stump of the upper extremity, 
especially about the hand, and more particularly of a woman, is to be 
as symmetrical and shapely as possible, in the case of partial sacrifice 
of that member. While in the case of a laborer it would certainly 
be better to sacrifice appearance to strength and utility, one might 
be urged to sacrifice strength for appearance in the case of a woman 
of the non-working class. 
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SITE OF AnPUTATION IN OONNECnON WITH THE RESULTING 
STUnP AND ns ADAPTABIUTY TO AN ARTIFICIAL LIBB. 

The choice of the site of amputation is determined by the resulting 
mortality and the fitness of the stump for an artificial limb. Con- 
cerning the effect of the amputation site upon mortality, see Circum- 
stances Influencing the Death-rate after Amputation (p. 802). 

In general, the longer the stump, the more useful the limb. Con- 
siderable responsibility rests with the surgeon in choosing the site and 
technic of operation which will leave the patient the best stump, 
circumstances considered, adaptable to an artificial limb. 

While formerly it was taught that we must save every fraction of 
limb possible, it is now regarded as better for the patient’s interest 
to select that site and form of amputation furnishing a stump best 
suited to take an artificial limb of the widest range of function. In 
planning the form of skin-covering it is to be rememljered that if the 
scar be not terminal, it should be somewhat posterior or lateral, rather 
than anterior, as the movement to force an artificial limb forward 
causes the apparatus to press upon an anterior scar. For the same 
reasons the ends of divided bones which lie near the skin, which is 
generally their anterior aspect, should be rounded, so as not to be 
pressed by the false limb. 

In planning an efficient stump distal to a joint, sufficient length 
below the joint must be provided to bear upon and wield or swing the 
artificial limb. Every additional inch is here a matter of importance. 

The primary function of the upper artificial limb is for prehension — 
of the lower, to bear weight and admit of locomotion. 

As the main growth in the length of the humerus and tibia and 
fibula is from the upper epiphysis, amputation through the shaft 
of these bones, in the young, will almost certainly be followed by a 
conical stump, which will often require reamputation. 

In the lower extremity an osteoplastic amputation is preferable 
where feasible, especially in operation for disease, where a deliberate 
calculation can be made. 

The general tendency of the day in operating about the foot is to 
regard the foot as a whole, irrespective of joint-lines, and to amputate 
along improvised lines adapted to the special case. 

Classic and irregular amputations through the tarsus, though con- 
demned by artificial-limb-makers, and though supposed by some to 
yield too large a proportion of sensitive stumps, should be performed 
in preference to amputations above the ankle. 

The lower third of the leg is the place of election in amputating 
through the leg, rather than the formerly given “hand’s-breadth” 
below the knee-joint. In the latter case too limited a length of bone 
is left for good leverage in adapting a false limb. The site of choice 
is near the junction of the middle and lower thirds of the leg, thus 
leaving room for an artificial ankle-joint. 

Under no circumstances amputate through -the tibia higher than 
8 cm. (3 inches) below its superior articular surface. 
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In amputating in the neighborhood of the knee*joint, one of the 
osteoplastic operations by which a piece of bone from the tibia is 
approximated to the sawn end of the femur in the condyloid region 
serves a useful purpose, furnishes a stump that will bear pressure 
well, and generally leaves room for the artificial knee-joint in an 
approximately normal position. Amputation through the thigh 
8 cm. (3 inches) above the knee-joint gives ample room for on artificial 
joint in a normal position. Amputations through the thigh higher 
than its middle do nut furnish as satisfactory a stump as those at and 
below this level. In operating above the knee, however, it is to bo 
borne in mind that the weight is also borne by the ischioperincal 
paHs. • 

SPECIAL AMPUTATIONS. 

Amputation Through Last Phalanx of Fingers.--By Ptilmar 
Flap. — ^The covering consists of a single palmar flap of all the tissues 
down to the bone. 

The position of the principals, in the case of all the amputations 
about the fingers, is as follows: The patient rests upon the back, the 
upper extremity held out from the body, or, better, supported on a 



Fia. 329.— Amputations About the Finoebb. 

A, Through first phalanx, by equal palmar and doresl flapn; B, fint interphalangeal mint, by tong 
palmar and nhort donal flaps; C, second interphalangeal joint, by palmar flap. 

small table, the hand pronated and fingers flexed while the dorsal 
incisions are made, and the hand supinated and fingers extended 
during the palmar incisions. The assistant stands in front of the 
surgeon, between him and the shoulder of the patient, steadying the 
hand with both of his own and holding the adjacent fingers out of the 
way. The surgeon holds the digit to be removed with the thumb and 
forefinger of his left hand, with- the back of the thumb downward and 
his hand pronated during palmar incisions, and with his thumb upward 
and his hand supinated during dorsal incisions. 

The space is so limited that the saw-line can be placed only between 
the matrix of the nail and the proximal end of the second phalanx. 

The palmiff incision extends from the saw-line downward along the 
lateral aspect of the phalanx, midway between the dorsal and palmar 
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surfaces, around the center of the pulp, and back to the saw-line on 
the opposite side. The dorsal incision connects the upper ends of the 
palmar incision, passing transversely over the dorsum with slight 
downward convexity. (For principle, see Fig. 329, C, and Fig. 330, C, 
where disarticulation at the last interphalangeal joint is shown by this 
method.) 

Having outlined these incisions, carry the palmar incision to the 
bone, dissect up the palmar tissues down to the bone, deepen the 
dorsal incision to the bone, retract the soft parts in the entire circum- 
ference, and saw the phalanx with a fine saw, while holding the tip 
of the phalanx with bone-holding forceps (as there is generally too 
little room for the fingers of the operator to grasp). Ligate the p^mar 

digital arteries on each side. 
Suture the deep flexor tendon 
to the periosteum or flap. Su- 
ture the palmar flap to the trans- 
verse dorsal line. 

Disarticulation Through 
Second Interphalangeal Joints 
of Fingers. — ^By Palmar Flap. — 
The position is the same as for 
amputation through the last 
phalanx (p. 807). The landmark 
is the second interphalangeal 
joint-line. 

The palmar incision begins 
opposite the joint-line, midway 
between the dorsal and palmar 
surfaces, passes down the lateral 
aspect for a distance equal to 
one and one-half diameters of 
the finger at the disarticulation- 
line, crosses the palmar aspect 
with bluntly rounded comers, 
and passes upward to the corre- 
sponding point on the opposite 
side of the finger. The dorsal 
incision connects the upper end of the palmar incision by a transverse 
incision made over the dorsum of the joint, with slight downward 
convexity (Fig. 329, C, and Fig. 330, C). 

Having outlined these incisions through skin and fascia, carry the 
palmar incision to the bone on a line with retracted skin, and dissect 
the soft parts up from the bone. Deepen the dorsal incision to the 
bone along the line of the retracted skin, open the joint from the 
dorsum, and disarticulate from within outward. There is no theca 
here to close. Suture the deep flexor tendons into the neighboring 
tissues. Ligate the two digital arteries. Suture the palmar flap to 
the dorsal line. 
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Amputation Through Second Phalanx of Fingers.— By Palmar 
Flap. — ^The position is the same as for amputation through the last 
phalanx (p. 807). 

The landmarks are the lines of the proximal and distal joints. 

The palmar incision begins opposite the saw-line in the midlateral 
aspect of the finger, passes vertically downward a distance equivalent 
to one and one-half diameters of the finger at the saw-line, crosses the 
palmar aspect with bluntly rounded corners, passes vertically upward 
in the midlateral aspect of the opposite side to a point corresponding 
with the one of beginning. The dorsal incision connects the upper 
limits of the limbs of the palmar incision, passing transversely across 
the dorsum with slight downward convexity. (For principle, see 
Fig. 329, G, and Fig. 330, 0, where disarticulation at the last inter- 
phalangeal joint is shown by this method.) 

The above incisions are deepened to the bone, the palmar first and 
then the dorsal, on a line with the retracted skin. The soft parts are 
dissected off the bone back to the saw-line, and are retracted while 
the bone is being sawed. Ligate the digital arteries. In amputating 
distally to the upper third of the second phalanx, the superficial 
flexor tendon will retain its attachment. The deep flexor tendon 
will, however, be severed, and should be sutured into the mouth of the 
fibrous sheath (which ends at the middle of the second phalanx) 
and into neighboring periosteum and soft parts, if necessary — ^the 
closure of the sheath being accomplished in the process of anchoring 
the deep flexor tendon. The flap is then sutured in the usual way. 

Disarticulation at First Interphalangeal Joints of Fingers. 
— By Palmar Flap. — The position is as in amputation through last 
phalanx of the finger (p. ^7). 

The landmark is the first interphalangeal joint-line. 

The incisions are the same as for the disarticulation of a finger 
at the second interphalangeal joint-line by a palmar flap (p. 808, 
and for principle see Fig. 330, C). 

The operation is the same, in principle, as the disarticulation at the 
second joint of the finger. Both the flexor tendons are here severed 
below their insertions, and the use of the proximal phalanx would be 
much interfered with unless these tendons were securely attached to 
the sheath, periosteum, or glenoid ligament of the stump. 

Amputation Through First Phalanx of Fingers.— By Palmar 
Flap. — ^The position is as for amputation through the last phalanx 
(p. 807). 

The landmarks are the lines of the metacarpophalangeal and 
first interphalangeal joints. 

The incisions and operation are the same as for the amputation 
through the second phalanx {vide twpra). For reference to the flexor 
tendons see under Disarticulation at the First Interphalangeal Joint 
by the Palmar Flap {vide supra). 

Disarticulation of Fingers, in General, at Metacarpophalan- 
geal Jointsr-fiy Oval Method.— The queue is placed over the 
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dorsum of the joint, and the center of the oval passes across the 
palmar aspect of the web-line. 



Fig. 331 .— Amputations About imjd Finobrb, Hand, and Wbibt. 

. ^ A. Through ■m&^halanx of little finieer, by single internal flap; B,at first inteq;>halanieal 
joint, by oval method; C, through second phalanx, by equal lateral flaps; D. through second phalanx 
of index, by sinple external fla^* E, through first ^haianXi, 1 ^ oblique cireularj F, through first 


Diy eaciernopaunar 

ung^--- 

at 

metliL „ 

joint, by externalllap. 


)rexieniopwariiap:j. 01 lime nnger at caipometacaipal joint, by raclcet method: Ji,Bape«i 
ng finger; L, of mi^efinMr and part of metacarpal, by raoM method; M,of two inner finttn 
t «rpoinetacaipaI joints, by raclmt method; N. of thumb at caipometacaipal joint, by racket 
letliqd; O, through metacaipoplialangeal joint at thumb, by oblique palmar flap; P, Pi at wnst- 


The position is as for the amputation through the last pbalsnx 
(p. 807). 
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The landmarks are the head of the metacarpal, the metacarpo- 
phalangeal joint-line, and the web of the finger. 



PiQ. 332.— AupUTATiOHi About Hanb amd Wbist. 


A, DiBBitioulation of two inner fingen. together with their metawrpBK ^ 

B,«B8artiouIatton.twri.t_^e5nJ_wit«norMd ^ £. D. MCtton of 


ciMoni 


performed in 
fingen. 


The incision begins just above the head of the metacarpal, on its 
dorsal aspect (in the position corresponding with its neck), passes 
down the median dorsal aspect over the prominence of the knuckle. 
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to just beyond the base of the first phalanx (which is about midway 
between the metacarpophalangeal joint-line and the free edge of the 
web) — at this point the hitherto median incision diverges into two 
symmetric limbs— each sweeping across the dorsolateral aspect of 
the finger to just below the junction of the finger with the web, and 
thence transversely across the palmar surface in the line of the crease, 
on a level with the free border of the web, coming to the opposite 
side just below the junction of the web with the finger. This rather 
extensive incision is best made with three strokes, from the commence- 
ment to the web of one side, from the point of divergence of the 
median line to the web of the opposite side, and across the palmar 
surface connecting the two limbs (Fig. 331, H, and Fig. .332, E). 

The above incision through the skin and fascia is now deepened. 
The palmar portion is cut to the bone, while the finger is forcibly 
extended. The lateral portions are carried to the bone, cutting the 
lumbricales and interossei. The soft parts are retracted to the 
joint-line. The extensor tendons are then cut and the joint thus 
entered from the dorsum, the lateral ligaments and glenoid ligament 
being cut from within, and the disarticulation completed. The two 
digital arteries are tied and the synovial sheath closed. The edges 
of the sides jof the oval are sutured in one vertical, anteroposterior 
line, in continuation with the queue of the incision. The splint applied 
should include the wrist-joint. 

Disarticulation of Thumb at Metacarpophalangeal Joint.— 
By Oblique Palmar Flap (Farabeof). — ^This method consists of two 
U-shaped incisions, the dorsd having its convexity upward, the palmar 
having its convexity downward, the limbs of each U passing, and 
obliquely meeting, on the lateral aspect of the thumb. 

The position is the same as for the amputation through the last 
phalanx (p. 807). 

The landmarks are the lines of the metacarpophalangeal and 
interphalangeal joints. 

The convexity of the dorsal U is upward, and corresponds with 
the dorsal aspect of the metacarpophalangeal joint. The convexity 
of the palmar u is downward, and is placed just above the interphalan- 
geal joint-line. Between these two rounded extremities the lateral 
limbs pass in an oblique direction along the lateral borders of the 
thumb, becommg continuous with each other (Fig. 330, B, and Fig. 
331, 0). 

This incision is deepened throughout to the bone, along the line 
of the retracted skin; the extensor brevis pollicis and the extensor 
longus pollicis are divided over the metacarpophalangeal joint, and 
the flexor longus pollicis about the center of the first phalanx; the 
soft parts are freed back to the joint-line, the sesamoid bones are 
detacbed from the base of the first phalanx and left in the flap, the 
joint is entered from above, and disarticulation completed. The 
dorsalis pollicis and the two branches of the princeps pollicis are to 
be tied. The synovial sheath is closed. The convmiity of the palmar 
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flap is sutured into the concavity of the dorsal wound, bringing the 
cicatrix well on to the dorsum and out of the way of pressure. 

Disarticulation of Index-finger at Metacarpophalangeal Joint. 
—By Ezternopalmar Flap (Farabeuf).— This is really an oval 
method, so modified as to bring the cicatrix upon the interno* 
dorsal aspect of the metacarpophalangeal region, so that fingers and 
objects opposed to that aspect may not come into contact with the 
scar. 

The position is the same as for amputation through the last 
phalanx (p. 807). 

The landmarks are the metacarpophalangeal joint-line, the middle 
of the first phalanx, and the web. 

The incision begins at the metacarpophalangeal joint-line, imme- 
diately over the median aspect of the extensor tendon, passes verti- 
cally down the median dorsal aspect of the finger, in the above relation 
to the extensor tendons, to the center of the first phalanx, thence 
sweeps across the lateral and palmar aspects to the web, and thence 
passes in a straight line, by the shortest route, up the inner side of 
the finger to the place of beginning (Fig. 331, 1). 

This superficial incision is deepened to the bone, the soft parts 
retracted to the joint-line, disarticulation effected, and the operation 
completed as in the simple oval method. The digital, dorsalis indicis, 
and the radialis indicis arteries are to be tied. The flexor sheath is 
to be closed, and the parts so sutured as to cause the cicatrix to 
occupy the position of the straight portion of the incision upon the 
internodorsal aspect. 

Disarticulation of Little Finger at Metacarpophalangeal 
Joint. — By Interaopalmar Flap (Farabeuf). — ^This, also, is a modi- 
fication of the oval method, so calculated as to bring the cicatrix 
upon the extemodorsal aspect of the metacarpophalangeal region 
that non-scar tissue may come into contact with objects which press 
the stump. 

The position and landmarks are the same as in the last opera- 
tion. ■ . . . 

The incision begins at the metacarpophalangeal joint-line, imme- 
diately over the median aspect of the extensor tendon, passes ver- 
tically down the dorsal aspect of the finger, in the above relation to 
the extensor tendon, to the center of the first phalanx, thence sweeps 
across lateral and palmar aspects of the finger to the web, and thence 
passes in a straight line, by the shortest route, up the radial side of 
the finger to the place of beginning (Fig. 331, G). 

The steps of the disarticulation are completed as in the corres- 
ponding operation just described upon the index-finger, the reverse 
of which this is in every respect. Two digital arteries are to be tied. 
The parts are to be so sutured as to cause the cicatrix to occupy the 
position of the straight portion of the incision, upon the extemodorsal 
aspect of the region, buried in the groove formed by the adjacent 
finger. 
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Amputation of the Fingers in Gaieral with Parts of Their 
Metaciupais {By Racket Method ). — The finger is removed as one 
continuous whole at the line of section of the metacarpal. 

The position is the same as for amputation through the last 
phalanx (p. 807). 

The landmarks are the outline of the dorsal aspect of the meta- 
carpal, the carpometacarpal joint, and the weV>s of the fingers. 

The incision begins over the dorsum of the metacarpal, a short 
distance above the point at which the bone is to be sawed, passes 
thence downward over the middle of the dorsal aspect until the neck 
of the metacarpal is reached, whence the median line diverges into 
two limbs, each limb passing down the dorsolateral aspect of the 
finger to just below the junction of the web and the finger, whence 
each limb crosses immediately in front of the digitopalmar crease to 
meet in the palmar aspect of the finger (Fig. 331, L). 

The incision is deepened to the bone on the line of the retracted 
skin. The extensor tendons are divided near the upper end of the 
vertical incision. The sides of the shaft of the metacarpal are care- 
fully cleared, hugging the bone in the process. The region of the 
metacarpophalangeal joint is also freed, and the ficxor tendons 
divided near the neck of the metacarpal, while the finger is forcibly 
extended. The shaft of the metacarpal is further cleared up to the 
saw-lino, the finger being held in extreme extension. The Gigli or 
chain saw is now passed beneath the metacarpal, while the soft parts 
are held out of the way, and the bone sawed so as to bevel it from 
below upward and toward the dorsum. The digital arteries are 
divided and are to be tied. The synovial sheath of the flexor tendons 
should be closed with gut sutures. The wound is sutured in a single 
median line upon the dorsal aspect. 

Disarticulation of an Inner Finger with its Entire Meta- 
carpal {By Racket Incision ). — ^The finger is removed as one 
continuous whole at the carpometacarpal articulation. 

The position is the same as in the preceding operations. 

The landmarks are the outline of the dorsal aspect of the carpo- 
metacarpal articulation and the metacarpal bone. 

The incision begins just above the carpometacarpal joint, passes 
down the median dorsal aspect of the metacarpal until the neck is 
reached, thenoe diverges into two limbs, each limb running over the 
dorsolateral aspect of the finger to just below the junction of the 
web and the finger, whence each limb crosses the digitopalmar crease 
to meet in the center of the palmar aspect of the finger. If necessary 
for the purpose of aiding disarticulation at the carpometacarp^ 
joint, a short transverse incision may be made at a right angle to the 
upper end of the queue (Fig. 331, K). 

This incision is now deepened on the line of the retriwted skin and 
fascia. The shaft of the metacarpal and the metacarpophalangeal 
joint are carefully cleared, hugging the bones as carefully as posdbler 
while an assistant keeps the finger in the position of extreme extension. 
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The extensor tendons are divided as near the upper limit of the queue 
as possible, the flexor tendons near the neck of the metacarpal.. The 
sides of the metacarpal are now bared up toward the carpometacarpal 
articulation, using special care in the palmar region. The ligaments 
of the intermetacarpal joints and the carpometacarpal joints are 
divided by carefully thrusting a knife between the sides of the bases 
of the metacarpals and between the metacarpals and carpal bones, 
working from the dorsum of the hand. The disarticulation is com* 
pleted by forcibly turning back the finger upon the dorsum of the 
hand, completing with a knife the division of any undivided ligaments, 
insertions of tendons, or palmar structures. The synovial sheaths 
of flexor tendons should be sutured with catgut if possible. Tie the 
two digital arteries, and suture the wound in a single median line 
upon its dorsal aspect. 

Disarticulation of Thumb with its Entire Metacarpal {By 

Racket Incision ). — ^The operation consists in the removal of the 
thumb, together with its metacarpal, at the carpometacarpal joint. 

The position is the same as for the fingers, except that the hand is 
held midway between pronation and supination. 

The landmarks are the outline of the dorsal aspect of the meta- 
carpal and the carpometacarpal joint. 

The incision begins just above the carpometacarpal joint-line, in 
the mid-dorsal aspect of the metacarpal, passing into the “snuff-box,” 
if at all, with great care, and, at first, very superficially, on account 
of the radial artery. The incision then passes down the center of 
the dorsum of the thumb to the neck of the metacarpal, and here 
divides into the two limbs of an oval, which part to encircle the head 
of the metacarpal, crossing the palmar apsect of the thumb on a level 
with the free edge of the web, the outer (radial) of the diverging limbs 
following the dorsal aspect a little further down before sweeping over 
the lateral aspect than does the inner (ulnar) limb (Fig. 330, A, and 
Fig. 331, N). 

This incision is deepened on the line of the retracted skin and 
fascia. The extensor tendons of the first and second phalanges are 
cut as long as possible, so as to be sutured into the wound. The 
dorsum and sides of the metacarpal are cleared of soft parts, hugging 
the bone. The thumb is extended and abducted, and the muscles 
attached to the base of the first phalanx are divided near the sesamoid 
bone, preserving the thenar muscles as far as possible. The palmar 
aspect of the metacarpal is cleared while an assistant rotates the 
thumb from side to side, working as near the bone as possible. The 
flexor longus pollicis tendon is divided low down, so that it may be 
sutured into the wound. Disarticulation is accomplished by severing 
the binding ligaments and the extensor ossis metacarpi poUicis, while 
the thumb is flexed into the palm, opening the joint from the dorsum, 
the thumb being then rotated in different directions to complete the 
disarticulation. Suture the sheath of the flexor tendon. Tie the 
arteria princeps pollicis, or its two branches, and the dorsalis pollicis. 
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Quilt the muscles, suturing the flexor, extensor, and thenar tendons 
and muscles into the wound. The cicatrix will run in a dorsal median 
line. 

Disarticulation of Two Contiguous Inside Fingers with their 
Entire Metacarpals (By Racket Incmon). — The operation is the 
same in principle as that for the removal of a single finger and its 
metacarpal. 

A vertical incision begins just above a carpometacarpal joint-line 
and between the bases of two contiguous metacarpals, passes down 
the back of the hand, midway between the two metacarpals for about 
one-half of their length, then divides into the two limbs of an oval 
or racket, the radial limb passing to the radial side of the outer of 
the two fingers to be removed, the ulnar limb to the ulnar side of the 



Fig. 333.— Showing the Relatione or the Various Metacarpal to the Gokrebponi}1No Carpal 
fiuNEH, AH Guides in Disarticulating the Metacarpale from the Cahpalb and the Ad- 
jacent Metacarpalb. 


inner of the two fingers to be removed, to the junction of the fingers 
and webs, thence both limbs cross and meet beneath the fingers in the 
digitopolmar crease. 

The incision is deepened, the metacarpals cleared, the tendons 
cut long, disarticulation accomplished, and the operation completed 
just as in the disarticulation of a single finger and its metacarpal. 
The flexor and extensor tendons are to be sutured into the wound 
(Fig. 331, M). 

Disarticulation of Two Contiguous Outside Fingers with 
thdr Entire Metacarpals (By Racket Incision ). — ^The operation is 
the same, in the main, as for the disarticulation of any two contiguous 
inside fingers with their metacarpals. 

The incision may be planned exactly as in the preceding operation, 
or the queue of the incision may be curvilinear, beginning over the 
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carpometacarpal joint of the little finger and curving nearer the shaft 
of the fourth metacarpal before the limbs of the racket begin (or 
beginning over the carpometacarpal joint of the thumb and curving 
nearer the shaft of the second metacarpal before the limbs of the 
racket commence, in the case of the two outermost metacarpals), 
as shown in Fig. 332, A. 

The operation is com- 


pleted as in the last case. 

Disarticulation of all 
the Fingers, Excluding the 
Thumb, with their Entire 
Metacarpals {By Anterior 
Ellipse ). — This is, practi- 
cally, a palmar covering 
whose convex anterior 
border fits into the con- 
cave wound on the dorsum 
of the hand. It is some- 
times called the short pal- 
mar flap method. 

The position is as for 
the amputations upon the 
fingers in general (p. 814). 

The landmarks are the 
base of the fifth metacar- 
pal (marking the point at 
which the ellipse crosses 
the ulnar border of the 
hand), a point midway be- 
tween the central crease 
of the hand and the level 
of the outstretched thumb 



(marking the point at which 
the ellipse crosses the radial 
border of the hand), and 
the carpometacarpal joint- 
line. 


Fia, 334. — Amputations About tjib If and. 

A. DiHarticiilation of three inner finRers, with their 
metacarpals, by equal dontal and palmar flaps; B, Dis- 
articulation of all the finsers, excwt thumb, with their 
metacsipalH, by anterior' ellipse; C, Disarticulation at 
wrbt-jomt by circular method. (Dorsal view.) 


The palmar incision passes between the two above points, with a 
downward convexity, whose lower part reaches below the middle of 
the metacarpals. The dorsal incision also passes between the same 
two points, with an upward convexity whose highest point corresponds 
with the bases of the two inner metacarpals (Fig. 334, B). 

These incisions are deepened to the bone. The flexor and extensor 
tendons are cut long. The soft parts are cleared up to the carpo- 
metacarpal joint-line, the metacarpals are disarticulated from the 
carpals, and the second metacarpal from the first metacarpal, cutting 
the dorsal ligaments by flexing and the palmar ligaments by extend- 
ing the . hand. Tie the palmar digital, palmar interosseous, dorsalis 
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indicis, radialis indicia, and palmar arches, if severed. . Close the 
flexor sheaths, suture the flexor and extensor tendons into the wound, 
and suture the convex palmar flap to the concave dorsal wound. 

Disarticulation at the Wrist-joint {By Anterior Ellipse ). — ^The 
covering raised is, practically, an anterior flap. The idea of the 
ellipse is appreciated after marking the outline, as given below, and 
then viewing it from the radial or ulnar aspect of the hand. 

The position of the patient is upon the back, with forearm abducted 
horizontally, hand pronated or supinated, as indicated by the stage 
of the operation. The surgeon sits or stands facing the patient’s 

hand. An assistant steadies 
the limb from above, and holds 
the parts out of the way. 

The landmarks are the line 
of the wrist-joint, pisiform, 
base of fifth metacarpal, and 
the carpometacarpal joint of 
the thumb. 

The highest point of the 
ellipse is upon the dorsum, 1.3 
cm. ( j inch) below the line of 
the wrist-joint, and on a line 
with- the middle finger. The 
lowest point of the ellipse is 
upon the palm, 6.3 cm. (2j 
inches) below the line of wrist- 
joint, and on a line with the 
middle finger. The inner por- 
tion of the ellipse crosses the 
ulnar border of the hand be- 
tween the pisiform bone and 
the base of the fifth metacarpal. 
The outer portion of the ellijme 
crosses the radial border of 
the hand at the carpometa- 
carpal jomt-line of the thumb. 
Fia. 335* — DiBABTicuLATioN AT THB WiuBT-ioiNT Tho eutirc inclsion has, there- 

fore, a downward convexity 
upon the palm and an upward 
convexity upon the dorsum, and passes through the four above- 
mentioned points (Fig. 335). 

Supinating the hand while incising the palm, and pronating it 
while making the dorsal incisions, this entire ellipse, which has been 
made through the skin and fascia at first, is now deepened throughout. 
The dorsal integuments are first dissected to the joint-line. The hand 
is flexed, and the extensor tendons, posterior ligament, and lateral 
ligaments are cut, and the joint opened and then the anterior ligaments- 
First one and then the other lateral border of the hand are made to 
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present, and the lateral parts of the ellipse carried to the bones. The 
knife is then carried between the flexor tendons and the carpus, from 
above and within, and made to clear out the hollow of the carpus in 
the act of cutting its way obliquely from above downward and outward 
to the margin of the palmar incision through the skin, and the hand 
thus severed from the arm. All loose tendons and nerves are to be 
cut. The following arteries are to be tied: radial, ulnar (below the 
deep branch), the deep branch of the ulnar, and the superficialis 
volaj. The deep palmar arch and the part of the superficial palmar 
arch are removed with the hand. The convex palmar flap is sutured 
into the concave wound at the back of the wrist. 

Disarticulation at the , 

Wrist-joint {By External Lat- 
eral or Radial Flap — Du- 
brueiVs Method ). — A saddle- 
shaped flap of the skin and 
muscles is raised from the meta- 
carpal region of the thumb, and 
approximated to the disarticu- 
lated ends of the radius and 
ulna. 

The position is the same as 
in the disarticulation by the 
elliptical method (p. 818). The 
landmarks are the wrist-joint 
and the first metacarpal. 

The flap incision begins on 
the back of the wrist, about 
6 mm. (J inch) below the wrist- 
joint line, and at the junction 
of the outer and middle thirds 
of that line, passes thence 
downward upon the dorsal 
aspect of the thumb, thence 
rounds outward to cross the 
first metacarpal transversely 
about its middle (remaining, 
up to the point of rounding 

A 1 p X PlO. 336. — DWABTICUIATION AT Tllli WRIST-JOINT 

outward, as far from the outer W the palmar Flap Methoh. (Palmar view.) 

border of the hand as at the 

beginning). The incision now passes upward correspondingly on 
the inner aspect of the thumb, following the inner part of the 
thenar eminence, to a point about 6 mm. (about i inch)^ below the 
wrist-joint line, at the junction of the outer and middle thirds of that 
line on the palmar surface. The disarticulating incision is made by 
joining the two upper ends of this flap by a transverse incision passing 
directly around the inner aspect of the wrist-joint (Fig. 331, P, P). 

The thenar incision forming the flap is deepened — the soft parts 
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■ are dissected from the metacarpal and as much of the thenar muscles 
as possible is taken. The soft parts upon the inner aspect of the 
wrist are divided to the bone by the circular incision on a level with 
the base of the flap. Disarticulation is accomplished from the dorsal 
and inner aspect toward the palmar and outer. The following arteries 
are to be tied: superficial and deep palmar arches; dorsalis and 
radialis indicis and ulnar. The tendons and nerves are treated as 
in the preceding operation upon the wrist. The external or thenar 
flap is now brought transversely across the articular ends of the radius 
and ulna, and sutured to the circularly divided parts. 

Amputation of Lower Third of Forearm (By Modified Circular 
Method ). — Two short flaps of skin and fascia are turned back and the 
muscles are then circularly divided at the level of the retracted 
skin-and-fascia flaps. 

The patient is in the supine position, near the edge of the table, 
with the upper limb abducted to a right angle, and held by an assistant 
in supination during anterior incisions, and in pronation, or vertically, 
during posterior incisions. The surgeon stands to the outer side of 
the right limb and to the inner side of the left. 

The landmark is the saw-line. 

The total covering is to be one and one-half the diameter of the 
forearm at the saw-line. The anterior and posterior aspects will each 
furnish three-fourths of a diameter. One-half of this three-fourth 
diameter length will be of skin and fasma alone, on each side, the 
remaining half of the skin, fascia, and muscle. Therefore a point 
below the saw-line equal to three-fourths of a diameter at the saw-line 
will mark the lowest limit from which the covering is to be divided. 
Two small flaps are incised, each having a base equal to a half-cir- 
cumference, and a length equal to half (the lower half) of the distance 
between the saw-line and the lowest limit of the skin incision. These 
flaps will be bluntly rounded at their lower ends (Fig. 337, A). 

Dissect up the integumentary flaps half-way to the saw-lihe, 
retract them, and, on a level with the retracted flaps, circularly divide 
the muscles to the bone. This circular incision also divides the peri- 
osteum and interosseous membrane. The muscles and periosteum 
are then retracted to the saw-line and the bones divided, completing 
the section of the more movable radius first. Tie the radial, ulnar, 
anterior and posterior interosseous arteries. Stitch the musculo- 
periosteal covering over the bones. Quilt the muscles or tendons of 
the anterior to those of the posterior aspect of the forearm, if possible. 
Suture the integumentary coverings in a straight line anteroposteriorly. 

Amputation of Upper Two-thirds of Forearm (By Equal 
Anterior and Posterior Flaps ). — ^The anterior and posterior aspects 
of the forearm furnish equal u-shaped flaps of skin and muscle, the 
anterior largely composed of supinator longus and flexors, the pos- 
terior largely made up of extensors. 

The position of the principals is the same as in the operation last 
described. The landmark is the saw-line. 



SPECIAL AMPUTATIONS. 


821 


An anterior and a posterior u-shaped flap are incised on the respec- 
tive aspects of the forearm, the base of each flap at the saw-line being 
equal to a half-circumference of the limb at that line, and the length 
of each equal to three-fourths of a diameter, the hand being supinated 
in making the anterior flap, and the forearm vertical in making the 
posterior flap (Fig. 337, B). 

Having cut through the skin and fascia in outlining the flaps, 
the^ incisions are now deepened upon the line of the retracted skin, 
beginning at the ulnar side of the anterior flap in the case of the 



Fio. 337. — Amputations Through the Forearm 

ANn AT THE ElROW. 

A, Through lower part of forearm by modi- 
fied cireular: O, through upper forearm by equal 
amerior and poHterior flaps; C. disarticulation at 
elbow-joiut oblique circular metliod. 


Fig. 338.— -Amputationh About Forearm 
AN i» Elbow. 

A, Through middle of forearm, by circu- 
lar metliod; B, at elbow-joint, by Miij|;le ex- 
ternal flap; C, at elbow, by oblique circular 
method. 


right arm, and on the radial side in the case of the left arm. The 
vertical ulnar incision will involve the flexor carpi ulnaris and flexor 
profundus; the vertical radial incision will involve the two radial 
carpal extensors, both vertical incisions passing directly to the bones. 
The muscles on the anterior and posterior aspects of the forearm, at 
the lower rounded extremities of the flaps, are cut from without inward 
in such a manner as to bevel them slightly. The entire flaps are now 
raised from the bones up to a point sufficiently below the saw-line 
to furnish a musculoperiosteal covering, at which level the periosteum 
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is circularly divided around the bones, the interosseous membrane 
cut transversely, and the musculoperiosteal covering freed to the saw- 
line. The soft parts are then retracted and the bones sawed. The 
radial, ulnar, and anterior and posterior interosseous arteries are tied. 
The median, radial, and ulnar nerves should be cut short, or even 
dissected from the flap. The musculoperiosteal covering is sutured 
and the muscles quilted, and the integuments sutured in the lateral 
line. 

Disarticulation at Eibow- joint {Bn Anterior Ellipse— Fara- 
betif ). — ^The covering is, essentially, an anterior flap, the idea of the 
ellipse being gotten in viewing the outlined incision laterally. The 



Fio. 339. — Tranbvkrbe Skctton Through the Condyloid Expanbion op tub Right Arm. 

A, Bicejim tendon; B* Supinator lonfpis; G. MunculoHmral nerve and superior profunda artery; 
D, Brachialis anticus; K, Extensor caipi radialis longior; F, Olecranon ; G, Anconeus; H, Triceps; 
I, Brachial artery, venie comitea. and median basilic vein; J, Pronator radii teres; K. Median nerve; 
L. Flexor carpi radialis; M, Condyloid expansion of liumerus; N, Ulnar nerve; O, Olecranon bursa. 
(Cross-aeotion modified from firaune.) 

lower anterior convexity of the covering is sutured into the upper 
posterior concavity. 

The position is given in the course of the operation. The land- 
marks are the joint-line, the prominence of the olecranon, and the 
eminence of the supinator longus on the anterior aspect of the forearm. 

The highest point of the ellipse is posterior, over the prominence of 
the olecranon. The lowest point of the ellipse is anterior, over the 
eminence of the supinator longus, just above the middle of the forearm. 
Midway between the upper and the lower rounded ends of the ellipse 
the lateral borders of the ellipse pass along the midlateral aspects of 
the forearm (Fig. 340, A). 
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The surgeon stands on the left of either right or left elbow (which 
wQl place the patient’s elbow on his right), grasping the patient’s 
wrist with his left hand, and, flexing the elbow, so rotates the limb as 
to make the entire elliptical incision without relaxing his hold of the 
wrist or removing the knife, which passes from olecranon to olecranon. 
Taking the right limb, for instance, turn the slightly flexed elbow so 
as to present the radial aspect, enter the knife at the apex of the 
olecranon, pass down the radial lateral aspect across the lower end 
of the ellipse on the anterior aspect of the forearm (with the forearm 



Fia. 340. — Disarticulations at the Elbow- 
joint. 

A, By anterior eUipite; B, By long antero- 
intemal and short poatero-extemal flaps prac- 
tically a long internal and short external nap). 


Fia . 341. — Disarticulation at the El- 
bow BY tub PoSTEKlOH ELLIPTICAL 
Method. 


extended and supine), then along the inner aspect (with the elbow 
again flexed and the inner aspect of the forearm thereby made to 
present), and upward to the olecranon. The skin and fascia upon the 
proximal side of the lower end of this incision are now further retracted 
by hand. On the line of the retracted integuments the muscles are 
cut obliquely from without inward and upward toward the- joint, in 
such a manner as to bevel the anterior covering which is being raised, 
and, at the same time, raise as much of a musculoperiosteal covering 
as possible. This anterior flap is dissected and retracted upward to 
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the joint-line. The anterior, lateral, and posterior ligaments of the 
joint are now cut in order. The triceps and any remaining posterior 
tissues are severed. The radial, ulnar, interosseous, muscular 
branches, and, possibly, the posterior ulnar recurrent and terminations 
of the superior and inferior profunda are ligated. Quilt the muscles 
in the anterior flap to the fascia along the margins of the upper half 
of the ellipse. Suture the integumentary tissues of the convex lower 
end of the flap into those of the upper concavity. Temporary drainage 
is indicated. 

Disarticulation at EIbow> joint {By Posterior Ellipse ). — The 
covering is, practically, a posterior flap, the idea of the ellipse being 
understood by taking a lateral view of the incision. 



FlU. 342. — OlBARTlCULATION AT KlBOW UT 
Lono Antbrior and Short Pomterior 
Flaps. 



Fra. 343. — Disarticulation at Elbow bt 
Long Posterior and Short Anterior 
Flaps. 


The position of the principals is given in the course of the opera- 
tion. 

The landmarks are the joint-line and the tip of the olecranon. 

The highest point of the ellipse is anterior, opposite the lower 
margin of the joint-line. The lowest point is posterior, between 8 
and 10 cm. (3 and 4 inches) below the joint-line. Midway between 
the upper and lower ends of the rounded ellipse the lateral borders of 
the ellipse pass along the midlateral aspects of the forearm. With 
the elbow flexed to an angle of 135 degrees, the lateral parts of the 
incision will be parallel with the prolonged anterior aspect of the 
arm (Fig. 341). 
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The surgeon stands on the right side of either elbow, grasping the 
patient’s wrist with the left band (the back of his hand uppermost 
and his thumb toward the patient’s fingers), and manipulates the elbow 
so as to complete the incision at one sweep, beginning the incision at 
the anterior joint-line, with the elbow flexed at the above angle, 
passing down the inner aspect (while that part is manipulated so as 
to render it prominent), crossing the dorsal aspect (while the forearm 
is held vertical), and ascending the outer aspect (while that aspect 
is made prominent) to the place of beginning. Upon the line of the 
retracted integuments the deeper parts are now cut. Those along 
the posterior aspect of the ellipse are divided, together with the 
periosteum, and including the anconeus and insertion of the triceps 



Fig. 344 .— Tranbvek8£ Section thbougk the Lower Third of the Right Arm. 

A, Biceps; B, brachialis antieus; C, niusculospiral nerve and superior profunda artery, supinator 
lonsus; D, brachial artery, venm coiuitos, l^ilio vein, and median nerve; E, ulnar nerve and inferior 
pnifunda artery; F, triceiMi. (Cross-section modified from Kraune.) 

when reached, and are dissected up to just above the tip of the ole- 
cranon. The deeper parts along the anterior portion of the ellipse 
are then divided, corresponding with the joint-line, and the capsule 
of the joint divided transversely, followed by the division of the 
lateral ligaments and posterior portion of ' the capsule (unless a 
capsuloperiosteal covering can be raised). Tie the brachial, posterior 
interosseous, muscular branches, and terminations of the superior 
and inferior profunda. Cut the ulnar nerve especially short. . Quilt 
the muscles in the posterior flap to the fascia along the margins of 
the upper half of the ellipse. Drain temporarily. Suture the integu- 
ments of the lower portion of the ellipse (the convexity) of the pos- 
terior flap to the upper concavity of the incision. 
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Amputation through Lower Third of Arm (By Modified Circular 
Method ). — Two short skin-flaps are cut and turned back and the 
muscles divided circularly in the infundibular manner. 

The patient is supine at the edge of the table, the limb horizontally 
abducted over the edge of the table during anterior incisions, and 
held vertically with bent elbow, or drawn over the chest, in dorsal 
incisions. The surgeon stands on the outer side of the right and 



Fia.34A. — Amputations TimouaH Arm and at Shovldsr. 

A, Througii lower part of aroK by modified droular; B, through upper part of arm. by long 
anterior and uiort posterior flaps; C. at shoulder-joint by external racket method (Larrey s opera- 
tion); D, 1). at shoulder by external or deltoid flap (Dupuytren's operation). 

inner side of the left limb. The assistants steady the limb above and 
below the site of amputation. The landmark is the saw-line. 

The lowest limit of the skin-incision is placed at a distance below 
the saw-line equal to three-fourths of the diameter of the limb at the 
saw-line (thus securing a covering of one and one-half diameters). 
Of this total distance the small flaps will occupy, approximately, 
the lower one-third. These flaps are generally anterior and posterior 
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(but may be lateral, or in any intermediate position, as the local 
conditions may demand). Their base is one-half the circumference 
of the limb — they pass down the lateral aspects of the limb to nearly 
their lower limit, when they bluntly round transversely across the 
limb to a corresponding point on the opposite side. Anterior and 
posterior flaps are similar (Fig. 345, A). 



Fia. 346 . — Amputationb About Arm and at Shoulder. 

A, Tlirough lower part of arm by equal lateral flaps; B, through surgical neck of humerus by 
single external flap: C, at shoulder-iolnt by Fumeaux Jordan's method. 


These flaps of the'skin and the fascia are freed up to their base and 
turned back as cuffs. Here the more superficial muscles are circularly 
divided, and retracted in turn. Upon the line of these retracted super- 
ficial muscles, the deeper muscles are cut to the bone, at a^ level still 
beneath the saw-line. This last circular division also divides the 
periosteum around the entire bone. All the soft parts, indudmg the 
periosteum, are now freed up to the saw-line and the bone divided. 
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Tie the brachial, superior profunda, inferior profunda, muscular, and 
possibly the anastomotica magna branches. See that the muscule- 
spiral nerve is cleanly divided, and excise any portion of it apt to be 
pressed upon in bending the flap over the end of the bone. Suture 
the musculoperiosteal covering. Quilt the muscles.- Suture the flaps 
in a lateral line. 

Amputation of Arm at Sui^ical Neck of Humerus {By Single 
External Flap ). — A u-shaped flap, composed chiefly of deltoid, is 
raised from the outer aspect of the arm, while the parts on the inner 
aspect are divided transversely, or with slight downward convexity, 
on a level with the upper limit of the limbs of the flap. 

The position is the same as in the above operations, the limb being 
drawn well away from the body, which will give access to both outer 


B A 



Flo. 347 . — Wyeth’b Pins CoNTROiiUNO Ubmorrhaqb in Disarticulating at tub Siiouldek- 

JOINT. 

A, Anterior pin; B, posterior pin. The rubber tubing is then wound about the limb, proximally to 

the pins, and knotted. 

and inner aspects. The landmark is the surgical neek of the humerus 
(just below the tuberosities). 

In making the incision, the base of the flap, which is u-shaped, is 
placed about 2.5 cm. (1 inch) below the saw-line through the surgical 
neck, its width being equal to half the circumference of the limb at the 
flap’s upper limit, its length being that of the diameter at the saw-line. 
The anterior limb of the flap passes down the midanterior aspect of 
the arm, and the posterior limb down the midposterior aspect. The 
inner incision crosses the inner aspect of the arm, with a slight down- 
ward convexity, connecting the upper limits of the vertical limbs of 
the flap (Fig. 346, B). 

The above incisions pass, at first, through the skin and fascia only. 
After the integuments have retracted, the external flap is cut from 
without inward, upon the line of the retracted tissues, beveling 
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obliquely upward and inward toward the upper limit of the flap. 
The bleeding vessels in this external wound are clamped as met. The 
inner incision is now deepened, and the axillary vessels tied as encoun- 
tered and before being cut. The nerves are cut short. The tendon 
of the pectoralis major is preserved, the periosteum being divided 
below the bicipital groove and stripped up, including this tendon. 
Avoid opening the synovial sheath of the biceps tendon, dividing it 
low down, together with the coracobrachialis. Detach the tendons 
of the latissimus dorsi and teres major as subperiosteally as possible. 
Retract the outer flap and the parts on the inner aspect of the svrm up 
to the saw-line, and divide tihe bone through the lowest psirt of the 
surgical neck possible. Avoid the circumflex nerve and the posterior 
circumflex artery. The brachial artery will have been tied in the 



Fig. 348 .— Illubtratino thb Ubeop Butursb Fabbbd through the Truk Bkin and Tempo- 
rarily Tied Over Hubber Tubing to Hold it in Place. 

Used in order to control tUe vessels in disarticulating at the slioulder-ioint in the absence of 

the Wyeth pins. 

course of operation; branches of the anterior and posterior circumflex 
and muscular branches which have not been previously tied are now 
taken up. Bring the outer flap across the end of the bone, quilt the 
muscles of the flap to those divided in the inner incision, and suture 
the integumentary portion of the flap transversely to the corresponding 
tissues of the inner wound. Dress the arm against a full pad in the 
axilla. 

Disarticulation at Shoulder-joint (By Anterior Rackd Mdhodr- 
Spenee*8 Method ). — The queue of the incision is placed over the ante- 
rior aspect of the upper end of the humerus, the diverging limbs of 
the racket or oval encircling the inner and outer aspects of the arm 
and meeting behind. 

The patient lies near the edge of the table, shoulders elevated, head 
to opposite side, limb partly abducted. The surgeon is on the outer 
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side of both shoulders, or he may stand on the inner side of the left. 
First assistant stands between the shoulder and patient's head, 
controlling hemorrhage and retracting flaps. Second assistant stands 
near the elbow, manipulating the limb. 

The landmarks are the coracoid process and the pectorodeltoid 
groove. 

Having abducted the arm and rotated the head of the humerus 
outward, begin the incision just to the outer side of the coracoid 



Fig. 349 .— Thomas* Fobcbpb-toorniqubt for Controlling Hemorrhage during Operations 

UPON THE Extremities. 

The probe-pointed blade pafnes under the pectoral mueelee and axillary vessels and nerves, 
and the serrated blade over these stniotures, tlie former coming out above the region of the pre- 
viously divided clavicle. (Modified from Thomas.) 

process, pass down through the clavicular fibers of the deltoid and 
pectoralis major, until the humeral attachment of the pectoralis 
major is reached, which is divided. From this point the outer limb 
of the racket curves gently outward through the lowest part of the 
deltoid to the posterior border of the axilla. From the point of 
division of the humeral attachment of the pectoralis major the inner 
limb of the racket curves downward across the inner aspect of the arm 
until it coincides with the opposite limb of the racket (Fig. 351, B). 
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The vertical portion of the incision is carried directly to the bone. 
The outer limb of the racket at fimt passes through skin and fascia, 
and is then deepened to the bone, through the periosteum, along the 
line of the incised integuments. The inner limb of the racket merely 
passes through the skin and fascia, and especial care is taken that it 
goes no deeper at this stage. Returning to the outer lip of the wound 
the anterior fibers of the deltoid will be found divided, and this lip of 



Pig. 360. — ^Thomas* Forcbp»-tourniqubt. 

The pectoral xnusclee and axillary etructures have been divided dielally to the clamp and 
turned forward. Note.— the probe-pointed blade » here erronjBouMly shown to be where the 
serrated blade i^ould be, and vice venA. The correct position of the blades is shown in the pre- 
cediniC illustration. (Modified from Thomas.) 

the wound is now freed from the bone and joint, as nearly subperi- 
osteally as possible, thereby securing the retention of some of the 
attachments of the pectoralis major, latissimus dorsi, and teres major 
to the fibrous tissue, the freeing being accomplished by means of the 
thumb, periosteal elevator, and knife, and continuing up to the great 
tuberosity, carefully avoiding (by hugging the bone) injury to the 
circumfiez nerve and posterior circumflex artery, which are raised 
from the bone in this outer flap. The inner flap is similarly, though 
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leas extensively, freed up to the lesser tuberosity, carefully guarding 
the axillary vessels. By manipulating the limb from the elbow, 
flexed at a right angle, the head of the bone and its tuberosities are 
made to present themselves in the wound. By rotating inward the 



Fia. 351. — Amputations Thhough Arm and at 8houi.dkr. 

A, Through lower arm, by oblique circular method; D, at Bhoulder,^ by anterior racket method 
(Spence’s operation}: C. of upper umb, together with scapula and part of clavicle, by antero- 
inferior (pectoro-amUaiy) and posterosupenor (cervicoscapular) flaps (Berger’s operation). 


great tuberosity presents, and the supraspinatus, infraspinatus, and 
teres minor are severed very close to the bone. By rotating outward 
the lesser tuberosity presents, and the subscapularis is severed. Thd 
long head of the biceps is next cut, and the capsule opened by dividing 
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it transversely against the head of the bone. The capsule being cut 
and the muscles attached to the tuberosities severed, the head of the 
bone is now disarticulated and thrust upward above the glenoid 
cavity, by abducting and rotating the head of the humerus outward, 
the connection of the limb being still maintained by the still unsevered 
tissues upon the inner aspect. The surgeon grasps the disarticulated 
head with the left hand and draws it outward from the trunk. As 
he does so the first assistant, standing behind the shoulder, places 
the palm of the fingers of both hands against the axillary aspect of 
the still uncut inner tissues, and his thumbs, one from each side, 
between the neck of the bone and the tissues of the inner side, com- 
pressing the axillary vessels between the thumbs as in the wound, 
and the outspread fingers in the axilla, until he feels all circulation 
controlled. The surgeon now passes a long knife between the neck 
of the bone and the thumb-nails of his assistant, and, by a steady, 
sawing movement, cuts his way from within downward and outward, 
aiming to come out on a line with the retracted integuments along the 
original incision, along the inner limb of the racket. As the knife 
^ cuts its way out, the fingers of the assistant follow the blade closely 
with the artery under his grasp. Just prior to the final emergence of 
the knife the tissues are tightly grasped and steadily held until the 
knife passes through the skin, when the assistant presents to the 
surgeon the cut margin of the inner lip, with the vessels in easy 
evidence. Tie the brachial artery at once, and the two brachial 
venae comites and the basilic vein. In the vertical and external limb 
of the racket, in incising and deepening the wound, branches of the 
acromial, thoracic, the anterior circumflex, and muscular branches 
are first clamped, and then tied. The posterior circumflex nerve 
should not be injured. The nerves which are severed are to be cut 
short. The margins of the capsuloperiosteal wound, where an 
appreciable periosteum has been saved, are sutured. The muscles 
are (luilted by deep and superficial buried absorbable sutures. Tem- 
porary drainage is provided. The integumentary edges of the wound 
are sutured in one vertical line. The stump should be snugly com- 
pressed against the thorax by the bandage. 

Disarticulation at Shoulder-joint {B\i External Racket Method— 
Larreifs Operation ). — The queue of the incision is placed over the 
external aspect of the upper end of the humerus, from the center of 
this incision (which first may have been made for exploration of the 
joint alone), the two limbs of the racket diverge, encircling the ante- 
rior and posterior aspects of. the arm and meeting on the inner 
side. 

The position is as in the operation just described. 

The landmark is the prominence of the acromion. 

The vertical incision, the arm being slightly abducted, begins 
immediately below the anterior aspect of the prominence of the 
acromion and passes thence vertically downward along the external 
aspect of the arm for 10 cm, (4 inches). From the center of the 

voL. V— 53 
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vertical incision the two limbs of the oval or racket begin and pass 
obliquely downward over the anterior and posterior aspects of the 
limb, meeting upon its inner border on a level with the lowest part of 
the vertical incision (Fig. 346, C). 

The vertical incision passes at once through the deltoid, directly 
to the bone and into the joint. The operation, which may have been 
begun as an exploratory one, may end with an investigation of the 
joint, or may proceed to an excision of the joint structures, or may 
end as an amputation. If the latter, the oval, or racket, incision, as 
above described, is added to the vertical incision. The limbs of the 
racket are, at first, incised through skin and fascia only, and may be 
made at one stroke, or, better, by two. The anterior limb of the 
racket is now deepened, while the arm is rotated outward, the incision 
passing through the anterior portion of the deltoid, the tendon of the 
pectoralis major is severed as near the bone as possible, the coraco- 
brachialis and biceps are divided, and, next to these, the axillary 
vessels are encountered, carefully exposed, and doubly ligated, beyond 
the posterior circumflex branch. This branch is then freed up to the 
joint. For the same reasons mentioned under the last operation the 
freeing of these flaps should be done as subperiosteally as possible. 
The posterior limb of the racket is similarly deepened, the arm being 
rotated inward, the incision^passing through the posterior portion of 
the deltoid, and meeting the anterior limb upon the inner side of the 
arm. This flap is then also freed up to the joint as subperiosteally 
as possible. Disarticulation is accomplished (after severing close to 
the bone, in the above freeing of the anterior and posterior flap, the 
attachments of the supraspinatus, infraspinatus, teres minor to the 
great tuberosity, and the subscapularis to the lesser) by cutting the 
capsule and the long head of the biceps against the head of the bone 
transversely. The head of the bone is now disarticulated and thrust 
upward. To sever the remaining soft parts the surgeon grasps the 
disarticulated head of the humerus with his left hand and draws it 
outward, then inserts a long knife between the neck of the bone and 
the remaining undivided parts, and, by a sawing movement, cuts his 
way downward and outward between the severed axillary vessels and 
the bone, coming out oh a line with the retracted inner limb of the 
racket incision (just as in the disarticulation by the anterior racket). 
Besides the above-named vessels, the anterior and posterior circumflex 
are both apt to be divided, as well as some muscular branches. The 
circumflex nerve is likely to be severed. All nerves are cut short. 
The capsule is to be trimmed if hanging in tags. Temporary drainage 
is used. The capsuloperiosteal or capsulomuscular covering is sutured, 
the muscles quOted deeply and superficially, and the skin sutured in 
a vertical line. 

Amputation of Upper Limb, together with Scapula and Pi^ 
of Clavicle (By AnUro-inferwr (or Pectoro-eunUary) and Poateroswperior 
(or CervicoaeapuJar) Flaps — Berger's InterseapuloOuraeic Operation ). — 
This operation consists in the removal of the upper limb, together 
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with the scapula and the outer two-thirds of the clavicle, en masse, 
without disarticulation at the shoulder-joint. 

The various positions are given during the steps of the operation. 

The landmarks are the outline of the clavicle, the outline of the 
scapula, and the line of the shoulder-joint articulation. 

The operation consists of several distinct steps: (1) The subperi- 
osteal excision of the middle third of the clavicle and the double 
ligature and division of the subclavian artery and vein: The patient 
lies upon the back, at the edge of the table, shoulders raised, and arm 
by side. Make an incision through the periosteum to the bone, over 
the upper surface of the clavicle, from the outer border of the sterno- 
mastoid to just beyond the acromioclavicular articulation (Fig. 351, 
C, C,). The vein from the cephdic to the external jugular is liereby 
cut and doubly ligated. The periosteum is raised, with curved peri- 
osteal elevator, from around the entire circumference of the middle 
third of the clavicle. A chain or Gigli saw is passed between the bone 
and periosteum, and the clavicle is divided at the junction of its inner 
and middle thirds. The outer two-thirds of the clavicle is now grasped 
with lion-jawed forceps and drawn outward, during which outward 
traction whatever periosteum remains is now detached from its middle 
third. The clavicle is then sawed at the junction of the middle and 
outer thirds by a chain, Gigli, or small saw. The middle third of the 
clavicle is thereby removed. The periosteum over the subclavius 
muscle and the subclavius muscle itself are now divided transversely, 
opposite the inner section of the clavicle, and are dissected up and turned 
outward, thereby exposing the subclavian vessels, surrounded by more 
or less fascia. Having divided the overlying fascia, the subclavian 
vein and then the artery are exposed. Both artery and vein are 
doubly ligated and divided opposite the lower border of the first rib,, 
the former being secured first (to lessen the amount of blood left in 
the limb). 

(2) The formation of the antero-inferior (or pectoro-axillary) flap: 
The patient lies on the back with the shoulder over the edge of the 
table, with arm abducted and head to the opposite sule. The surgeon 
stands between the arm and trunk. The incision begins at the middle 
of the clavicular incision, curves downward and outward, piissing close 
to the outer side of the coracoid process, thence along the anterior 
portion of the deltoid, just external to the pectorodeltoid groove, to 
the junction of the anterior axillary wall with the arm, thence across 
the lower border of the pectoralis major, thence transversely across the 
inner or axillary surface of the arm, to the lower border of the tendons 
of the latissimus dorsi and teres major. Here the limb is elevated, and 
the incision is carried downward and inward in the groove between 
the vertical border of the scapula and the muscular elevation formed 
by the teres major and the latissimus dorsi, to end over the posterior 
surface of the inferior angle of the scapula. This incision passes, at 
first, through skin and fascia, and is then deepened through the pectoral 
wd axillary tissues, the pectoralis major being cut where its tendinous 
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portion commences, the pectoralis minor near the coracoid process, 
the brachial plexus near the first rib, the latissimus dorsi in the more 
posterior part of the line of incision, and whatever remaining axillary 
tissues bind the limb are cut as encountered. The shoulder is thus 
freed from the trunk anteriorly and tends to fall outward and back- 
ward. 

(3) The formation of the postcrosuperior (or cervicoscapular) flap: 
The patient is still supine, with the shoulder over the edge of the table; 
the arm is now drawn across the chest to emphasize the scapular region. 
The surgeon stands to the outer side. The incision begins at the outer 
end of the clavicular incision, just external to the acromioclavicular 
joint, passing thence backward over the spine of the scapula by the 
shortest route, to join the lower end of the antero-inferior flap incision 
over the inferior angle of the scapula. This incision at first involves 
only the skin and fascia, which are then well retracted along their 
upper part, thus exposing the trapezius, which is now divided near its 
attachment to the clavicle and scapula, and thus severed from the 
whole limb. 

(4) The severing of connections of scapula to trunk: The patient 
lies as in the last step, and the surgeon stands to the inner side of the 
right and outer side of the left limb. The anterior and posterior flaps 
are well retracted, and the limb permitted to hang away from the side. 
The superior and vertical borders of the scapula are rendered prominent, 
and are now freed by cutting the following muscles close to the bone, 
in order from above downward; the omohyoid, levator anguli scapula?, 
rhomboideus minor, rhomboideus major, and serratus magnus. The 
upper extremity is now freed from the trunk, the muscles arising from 
the scapula, and inserted into the humerus (teres major and minor, 
subscapularis, supraspinatus, and infraspinatus), are removed untouched 
with the limb. 

(5) Control of hemorrhage: The preliminary ligation of the sub- 
clavian artery and vein controls the chief hemorrhage. In forming the 
anterior flap branches of the acromiothoracic, long thoracic, and 
subscapular are encountered. In forming the posterior flap the 
muscular branches in the trapezius are met. In severing the scapula 
the chief bleeding occurs, the suprascapular artery is to be tied near 
the omohyoid, as it is about to enter the supraspinatus fossa, and the 
posterior scapular is to be tied near the upper angle of the scapula, 
just after dividing the levator anguli scapulse. 

(6) The closure of the wound: All the nerves are divided short. 
Generally, no sufficient redundancy of muscle is present to admit of 
quilting, it usually being difiicult to approximate the edges of the 
wound, but, if it be possible, quilting of the muscles together with 
buried gut sutures should be done, to make a thicker stump-padding 
and to take the strain off the cutaneous sutures. The anterior and 
posterior flaps are brought together and sutured in one oblique line, 
extending from above downward, outward, and backward. To ob- 
liviate tlie dead spaces which tend to form in so extensive a wound, 
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considerable even pressure is applied in the dressings which bind the 
parts to the thorax. No drainage is indicated in simple cases. 

Amputation through L^t Phalanx of Toes {Btj Plantar Flap).— 
This operation is hardly feasible as a definite proce<lure, which amounts 
generally to a trimming of the parts, except in the case of the great 
toe, which is the operation here described. 

The position for all amputations about the toes is the following r 
The patient is supine, with the foot beyond the end of the table, the 



Fia. 352. — Dorbal View of the Boneb of 
THE Foot, bhowinu the Intertarbal, 
Tarbometatarbal, and Intbruetatar- 
BAL ArtICOLATIONB. 



FfG. 363.— Pi^ANTAR View of the Boneb op 
the Foot, bhowino the Intertarbal, 
Tarbombtatarbal, and Intermetatar- 

BAL ArTICULATIONB. 


toe extended during plantar incisions, and flexed during dorsal incisions. 
The assistant stands in front of the surgeon, steadying the foot with - 
both hands, the fingers of which, at the same time, draw aside and out 
of the way the adjacent toes. The surgeon grasps the toe to be removed 
with the thumb and forefinger of the left hand, with his thumb on the 
dorsum of the toe during the dorsal incisions, and on the plantar surface 
of the toe during the plantar incisions, the index-finger occupying the 
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opposite aspect in each case. His hand will be supinated during the 
dorsal and pronated during the plantar incisions. 

The landmark is the saw-line, which will lie between the base of the 
nail and the interphalangeal joint above. 

The vertical portion of the incision begins opposite the saw-line, 
in the midlateral aspect of the toe, or a little nearer the dorsum (which 
furnishes a fuller plantar flap), passes straight down that aspect and 
around the pulp of the too to the corresponding point on the opposite 
side. The transverse dorsal incision connects the upper ends of the 
limbs, with slight downward convexity (Fig. 359, A). 

Having incised skin and fascia, these incisions are deepened to the 
bone, the soft parts arc separated up to the saw-line and retracted. 
The tip of the phalanx is grasped with bone-holding forceps and steadied 
while the bone is sawed. If the base of the last phalanx bo left, the 
insertion of the extensor and flexor tendons will be preserved. Arteries 
rarely have to be tied, except in the cose of the great toe. 

Disarticulation at Second Interphalangeal Joint of Toes (By 
Plantar Flap ). — A U-shaped flap is raised from the plantar aspect 
of the toe and approximated to the doi-sal wound. 

The position is the same us for the amputation of the last phalanx 
(p. 837). The landmark is the second interphalangeal joint-line. 

The vertical portion of the incision begins opposite the joint-line, 
in the midlateral aspect or a little nearer the dorsum, pusses directly 
down this aspect of the toe a distance sufficient to furnish one and 
one-half diameters of the toe at the saw-line, then rounds bluntly across 
the plantar surface, and is continued up to a corresponding point on 
the opposite side. The transverse incision connects the upper limbs 
of the flap by a slightly rounded convex lino (Fig. 359, A). 

Deepen the vertical portion and the rounded end of the flap to the 
bone, dissect up the soft parts to the joint-line, cutting the glenoid 
ligament and flexor tendon against the base of the last phalanx, thus 
opening the joint. Forcibly flex the joint and deepen the transverse 
mcision to and into the joint, entering from the dorsum and cutting 
the lateral ligaments from within outward. Two dorsal and two 
plantar digital arteries may require ligation. Close the flexor sheath 
with catgut, and, in the great toe, include the flexor tendon. Suture 
the plantar flap to the transverse dorsal wound. 

Amputation through Second Phalanx of Toes (By Plantar 
Flap ). — ^The manner of performing this operation is sufficiently 
described in the amputation through the last phalanx (p. 837), and the 
dimensions of the flap, under the disarticulation at the second inter- 
phalangeal joint (above). 

Disarticulation at First Interphalangeal Joints of Toes (By Oval 
Method ). — ^The queue of the incision is over the dorsal aspect of the 
joint, the limbs of the oval encircling the toe beyond the first inter- 
phalangeal joint-line. 

The position is the same as in amputatmg through the last phalanx. 
The landmark is the first interphalangeal joint. 
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The queue of the oval begins just above the head of the first phalanx, 
on its middorsal aspwt, passes vertically downward over the head of 
the phalanx, and continues down to near the middle of the first phAlnnv 
where the two correspond- ' 

ing limbs diverge to en- ^ 


circle the second phalanx 
and meet in the middle of 
its plantar aspect (Fig. 354, 
C). 

Deepen the dorsal inci- 
sion to the extensor tendon. 
Extend the toe and deepen 
the oval to the bone, cut- 
ting the flexor tendons 
transversely. Dissect up 
the soft parts upon the 
flexor and lateral aspects. 
Divide the glenoid (ante- 
rior) ligament by cutting 
against the base of the 
second phalanx and opening 
the joint. Divide the lateral 
ligaments from within out- 
ward. Draw upon the toe 
and cut the extensor tendon 
high up. Two plantar and 
two dorsal digital arteries 
are cut — the former may 
require ligation. Close the 
flexor sheath. Suture the 
wound vertically. The cica- 
trix will be vertical and 
dorsoterminal. 

Amputation through 
First Phaianx of Toes {By 
Oval Method ). — The opera- 
tion is exactly similar to 



that for disarticulation at 


the first interphalangejil 
joint, just described, ex- 
cept that the queue begins 
just above the future saw- 
line, and the oval extends 
down the toe a distance 
that will make the covering 


Fig. 354.— AypuTATioNB About tbb Tobb and Foot. 

A, At interphaUuifieal joint of mtt toe, by a ungle 
internal flap; 1), at finit phalanc^ Joint, by equal late^ 
flaps; C, at firat phalanveal joint, oy, oval method,* D, 
through second phalanx, oblique circular; K, at first 
phalangeal joint of little toe, by single external flap; F , at 
metatarsophalMgeal joint of little toe, by extemodom^ 
flap; G, at metatarsoplialangeal joint, by oval method; 
H, at metataraophalang^ joint or great toe, by intemo* 
plantar flap; I, of two inner toes at tamometatanal 
joints, by racket method; J, of tc>e, with its mtire 
metatarsal at tarsometataiwd joint, by racket method. 


furnished by the twalateral 

aspects of the oval about equal to one and one-half diameters of the 


toe at the saw-line. 
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Disarticulation of Toes, in General, at Metatarsophalangeal 
Joints {By Oval MdJwd ). — ^The operation is the same, in principle, 
as disarticulation at the first interphalangeal joint by the oval 
method. 

The position is as for the toes in general (p. 837). The landmark 
is the metatarsophalangeal joint. 

The queue of the incision begins just above the head of the meta- 
tarsal, over its middorsal aspect, passes downward in the median line 
until past the base of the first phalanx, the limbs of the oval now 
gradually diverge to pass obliquely downward over the lateral aspects 
of the toes and cross the plantar surface transversely, meeting just in 
front of the line of the webs (Fig. 354, G). 

The vertical portion of the incision is deepened to the extensor 
tendon, the lateral portions arc cut to the bone, the toe is extended, 
and the plantar aspect cut transversely to the bone, thereby ^vering 
the flexor tendons high up. The soft parts are freed, partly by retrac- 
tion and partly by dissection, from the upper portion of the first phalanx 
to the joint-line, which lies about 2.5 cm. (1 inch) above the web. 
The glenoid ligament is cut transversely against the base of the first 
phalanx and the joint opened. Disarticulation may be completed 
from below, but more conveniently by severing the extensor tendon 
and disarticulating from the dorsum, cutting the lateral ligament from 
within outward as the toe is rotated from side to side. Two dorsal 
and two plantar digital arteries are cut. The flexor sheath should be 
closed. The wound is sutured vertically, the scar becoming dorso- 
terminal. 

Disarticulation of Great Toe at Metatarwphalangeal Joint 

{By Internojdantar Flap — Farabeuf ). — ^The operation is a modi- 
fication of the oval method, where% the covering is gotten from the 
internal and plantar aspects of the great toe, and the cicatrix is 
brought well over to lie obliquely from the upper angle of the inter- 
digital web to the head of the metatarsal, and thus well removed from 
internal and terminal pressure. 

The position is as for amputating through the toes in general 
(p. 837). The landmarks are the metatarsophalangeal joint-line and 
the interdigital web. 

The incision begins oyer the metatarsophalangeal joint, at the junc- 
tion of the dorsal and internal surfaces, passes vertically down the toe in 
the line represented by the junction of these two surfaces (parallel with 
the extensor tendon), nearly to the head of the first phalanx, curves 
thence downward over the inner surface to the junction of the internal 
and plantar surfaces, passes thence obliquely across the plantar surface 
to the angle of the interdigital web, thence runs directly over the 
external and dorsal surfaces df the toe to the point of beginning by the 
shortest route (Fig. 354, H). 

This incision is now deepened to the bone in the same order as made, 
extending the toe while cutting the plantar and flexing it while cutting 
the dorsal tissues. Free the soft parts up to the joint-line. Sever the 
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glenoid ligament against the base of the first phalanx, thus opening 
the joint, and leaving the ligament and the sesamoid bones in the stump. 
Divide the lateral ligaments and the extensor tendon. Two plantar 
and two dorsal digital arteries are cut and will probably require ligation. 
Close the flexor sheath. Include the cut flexor and extensor tendons 
in the tissues of the stump. Suture the internal and plantar, portions 
of the oval to the straight incision from the interdigital web to the head 
of the metatarsal, which will represent the line of cicatrix. 



Fig. 355 . — Amputations About thb Foot. 

A, Disarticulation of the great toe at the tanofnetatanial joint by a curvilinear racket incision; 

B, disarticulation of the little toe at the tansometatamal joint b3r a curvilinear racket incituon; 

C, amputation of a toe with part of its metatarsal by a racket incision. 

Disarticulation of Little Toe at Metatarsophalangeal Joint 

(By ExtemodorseU Flap— Farabet^).— Tim is the reverse of the last 
operation, a modification of the oval method, whereby the covering 
is gotten from the external and dorsal aspects of the little toe, and the 
cicatrix brought well over to lie obliqudy from the upper angle of the 
interdigital web to the head of the. metatarsal, and thus well removed 
from external and terminal pressure. The landmark is the same as 
in the last operation. 
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The incision begins over the dorsal aspect of the metatarsophalan- 
geal joint, just to the inner side of the extensor tendon, passes vertically 
down the inner margin of the tendon to the end of the first phalanx, 
curves thence downward and outward over the external aspect of the 
toe, thence obliquely across the plantar surface to the angle of the 
interdigital web, thence along the internal aspect of the toe to the point 


of beginning, by the shortest route 



Fia. 356 . — Disarticulations About the Foot. 

^ A. A, Of all the toes at metatara^lialangeal 
joints, by equal short dorsal and plantar flaM; B, B, 
of all the toes at tamometataraal joints, oy short 
dorsal and long plantar flaps (Lisfimno's operation). 


(Fig. 354, F). 

The steps of the operation 
are exactly similar to those 
of the disarticulation of the 
metatarsophalangeal joint of 
the great toe. The dorsal, 
external, and part of the plan- 
tar portion of the oval are su- 
tured to the straight incision 
from the metatarsophalangeal 
joint to the interdigital web, 
which will represent the line 
of cicatrix and be out of the 
way of pressure. 

Disarticulation of Two 
Adjoining Toes at Meta- 
tarsophalangeal Joint {By 
Oval Method ). — ^The operation 
is the same as the disarticu- 
lation of a single toe at the 
metatarsophalangeal joint (p. 
840), except that the queue 
of the oval is placed between 
the two toes, beginning a little 
higher above the metatarso- 
phalangeal joint-line, the two 
limbs of the oval diverging to 
encircle the outer and inner 
toes and meet at the margin 
of the web between the toes. 
Each toe. is then freed up to 
the metatarsophalangeal joint 
and disarticulated. The wound 
is sutured as a vertical cica- 
trix. 


Disarticulation of all Toes, en Masse, at Metatarsophalaiuieal 
Joints (By Equal Short Dorsal and Plantar Flaps ). — ^The covering is 
gotten equally from the dorsal and plantar surfaces, and the scar is 
terminal (^g. 357, A, A). 

The paKldSt is supine, the foot over the edge of the table. The 
surgeon grasps the toes with the left hand, with the thumb on the 
dorsum and the fingers on the plantar surface for dorsal incisions, 
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and the thumb on the plantar and the fingers on the dorsum for the 
plantar incisions, manipulat- 


ing the foot as indicated. 
After the incisions are made, 
an assistant takes the toes and 
the surgeon manipulates the 
flap. The surgeon stands for 
the dorsal and sits for the 
plantar incisions. 

Supposing the left foot to 
be operated upon, the dorsal 
incision (with foot extended 
and toes flexed) begins at the 
midlateral aspect of the meta- 
tarsophalangeal joint of the 
great toe, passes vertically 
down the inner margin of the 
foot to the middle of the 
first phalanx, thence rounds 
broadly on to the dorsum of 
the foot, and follows the line 
of the web, dipping in be- 
tween the toes as they arc 
separated, until the little toe 
is reached, when the incision 
rounds broadly into the outer 
aspect of the foot and passes 
vertically up in the midlateral 
aspect to the metatarso- 
phalangeal joint. The plantar 
mcision (with foot flexed and 
toes extended) passes trans- 
versely across the plantar 
surface of the foot, connect- 
ing the distal end of the ver- 
tical limbs of the dorsal in- 
cision, beginning at a point 
where the vertical limb begins 



to round on to the dorsum, 
the plantar incision rounds on 
to the plantar surface at the 
middle of the first phalanx 
of the great toe, and thence 
follows the line of the web 
and the creases of the toes, 
dipping in between the toes 


Fio. 357.-~Lins0 or Disarticulations Arodt the 
Foot. 

A, A, Metatareophslanseal disartioulstion; B, B, 
tanometataraal dimrticulBtion (Lisfmnc s operation); 

C, C. anterior intertarsal amputation (between the 
cuneifoniie and ecaphoid, witli transverM aection of 
the miboid-'the Jaeger-Bona or, Forbes; mrapon); 

D, D, j^terior intertamal or mediotanal^diMrticula- 
tioD ((^opart's opemtion); E, £, diearticulation at 
the ankle-joint. 

Note.— Piroi8off*s inten^caneal ostml^o am- 
putation. with s^ion of the til^a and iibuljL and 
also the suhastmcaloid disarticulation are not shown 
here. 


M th^ are separated until the 

little toe is reached, when the incision rounds on to the outer aspect 
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and joins the dorsal incision at a point where the outer vertical limb 
begins to round on to the dorsum (Fig. 356, A, A). 

The dorsal incision is deepened to the extensor tendons and freed 
half-way back to the joint-line, when the extensor tendons are cut 
transversely, each toe being previously forcibly flexed in turn. The 


flap of the entire soft parts is then 
phalangeal joint-line. The plantar 

r 1 



Fio. 358. — Amputationa About this Foot. 

A, A, Amputation of all the toea tlirouisli 
the metatAraiiH, by short dorsal and long plantar 
flaps (metatanial amputation); B, B, disarticula- 
tion of anterior part of foot at mediotarNal joints, 
by short domal and long plantar flaps (Chopart's 
operation). 


former will not be separately given 


dissected back to the metatarsu- 
incision is now deepened to the 
flexor tendons, and freed half- 
way back to the joint-line, wlien 
the flexor tendons are cut trans- 
versely, each toe being previously 
forcibly extended in turn- The 
flap of the entire soft parts is 
then dissected back to the meta- 
tarsophalangeal joint-line. Both 
flaps are then well retracted to 
the general joint-line, the toes 
are flexed, and the joints are 
opened from the dorsum, and 
the lateral ligaments cut from 
within outward. The toes are 
then extended and the plantar 
ligaments are cut from the plan- 
tar surface, preserving the glenoid 
ligaments. The disarticulation 
of each toe is thus completed 
in turn. The flexor sheaths are 
closed. Two plantar and two 
dorsal digital arteries for each 
toe are cut; the latter may not 
require ligature. The dorsal and 
plantar flaps are sutured in one 
lateroterminal line. 

Amputation of Toes, in 
General, with Part of their 
Metatarsals (By Racket Method). 
— The amputation of the toes 
with a part of their metatarsals 
is so similar, in all essential de- 
tails, to disarticulation with their 
entire metatarsals, that the 
(as was done in the case of the 


fingers). The best method of removing any of the toes with a part 
of their metatarsals, whether an inside toe or the great or little toe, is 
by the rdi^^t method (p. 485). The best method for the removal 
of two or inree contiguous toes, with parts of their metatarsals, is by 


the oval operation (p. 840). 


The practical differences between the partial and complete opera- 
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tions are that the incisioii begins, in the former, just above the saw-line, 
instead of just above the tarsometatarsal joint-line, and, instead of 
disarticulating the proximal end of the bone, it is sawed with a Gigli 
or chain saw (Fig. 354, I, and Fig. 355, C). 

All of the toes with parts of their metatarsals through the meta- 
tarsus by a short dorsal and long plantar flap constituting the meta- 
tarsal amputation (Fig. S.'SS, A, A). 

Disarticulation of Toes, in General, with their Entire Meta- 
tarsals {By Racket Method ). — The coverings are gotten from the 
lateral and plantar aspects, and the cicatrix is vertical and dorso- 
terminal. 

The patient is supine, with the foot over the edge of the table. The 
surgeon is opposite the foot, standing while operating on the dorsum, 
sitting while working on the plantar aspect, steadying the toes with 
his left fingers during the incisions, while the assistant liolds the ankle. 
The landmarks arc the tarsometatarsal joint and the intcrdigital web. 

The incision begins just above the tarsometatarsal joint, in the 
middorsal aspect, passes vertically down in the median line to the 
head of the metatarsal, thence the two limbs of the oval diverge, the 
outer limb running downward across the outer aspect of the toe to the 
web, the inner limb across the inner aspeed to the web, the two meeting 
in the digitoplantar crease (which about corresponds to the center of 
the first phalanx) (Fig. 354, J). 

Deepen the vertical incision, dividing the extensor tendons as high 
up as encountered, while the toe is flexed. Deepen the oval incision 
to the bone, upon the lateral and plantar aspects, extending the toes 
while severing the flexor tendons transversely. Free the soft parts 
along the dorsum and lateral surfaces with a periosteal elevator, 
hugging the bone closely. Forcibly extend the toe and its metatarsal 
and free the plantar surface as far as possible. Sever from the dorsum 
the ligaments binding the metatarsus to the tarsus and to the adjacent 
metatarsals, while the toe is being manipulated and the ligaments arc 
put upon the stretch, thus completing the disarticulation. Divide the 
flexor tendons high up and close the sheaths. Two dorsal and two 
plantar digital arteries are to be tied. Suture the wound in one vertical 
line. 

Disarticulation of Great Toe with its Entire Metatarsal 

(By Racket Method ). — The description and the landmarks of the 
operation are the same as those of the last procedure. 

The incision begins just above the tarsometatarsal joint, at its 
dorso-intemal aspect, passes verticidly downward along the outer 
margin of the extensor tendon to just beyond the center of the meta- 
tarsal, thence the two limbs of the oval diverge, the outer limb passing 
across the dorso-extemal aspect of the toe to the web, the inner limb 
passing across the dorso-intemal aspect to the plantar surface, at a 
point opposite the web, the two limbs meeting in the digitoplantar 
crease. If needed for purpose of exposing the joint more really, an 
additional transverse incision may l)e added to the upper end of the 



846 


AMPUTATIONS. 


vertical incision, running as far as thought necessary directly inward 
parallel with the tarsometatarsal joint (Figs. 355, A, and 359, B). 

Deepen the vertical incision, exposing and dividing the tendons of 
the extensor proprius and brevis haHucis near the tarsometatarsal 
joint. Deepen the limbs of the oval, cutting to the bone along the 
lateral and plantar surfaces. Free, up to the tarsometatarsal, the soft 
parts from the external, internal, and plantar surfaces of the metatarsal 
and phalanx, by closely huggmg the bones with periosteal elevator, 
rotating the toe as indicated. The sesamoid bones are left behind, and 
the structures about the metatarsophalangeal joint are removed as 


A 



Fig. 350. — Amputationh About tub Toeb and Foot. (Inner view.) 

A, At inteiphalaninal joint of great toe, by plantar flap; B, of great toe and itn metatarsal, at 
tarsoinetatarnal joint, by racket method, with transverse incision added to upper end; G, inner 
aweet of plantar and dorsal incisions in Syine*s disarticulation of foot at anhle, by heel-flm; 
C , line of tibial and flbular section; D, inner aspect of plantar and dorsal incisions, in Pirogops 
disarticulation at ankle, by heel-flap; D'. line of section of bones of leg, in same; D*, line of section 
of os oalcis, in same; E, inner aspect of plantar and dorsal incisions in subastragaloid disartioulation 
of foot, by heel-flap. 

nearly subcapsuloperiosteally as possible, in order to retain the attach- 
ment of the severed tendons there inserted. Open the tarsometatarsal 
joint from the dorsum, completing the disarticulation by severing the 
remaining ligaments while under tension during the manipulation of 
the toe. Divide the tendons of the peroneus longus and tibi^is anticus. 
Gut the tendons short and close their sheaths. The following arteries 
are divided : two dorsal digital, two plantar digital, and the termination 
of the internal plantar. Guard against wounding the communicating 
branch of the dorsalis pedis in the first interosseous space. The suture 
line will be vertical, and fall over the dorso-extemal aspect of the toe, 
out of the way of pressure. 
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Disartict^tion of Little Toe with its Entire Metatarsal (By 
Racket /ncimbn).— 'The description and landmarks are as in the last 
operation. 

The incision begins just above the tarsometatarsal joint at its 
dorso-external aspect, passes vertically downward along the outer 
margin of the extensor tendon to just beyond the center of the meta- 
tarsal, thence the two limbs of the oval diverge, thg inner limb passing 
across the dorso-internal aspect of the toe to the web, the outer limb 
passing across the dorso-extemal aspect of the plantar surface at a 
point opposite the web, the two limbs meetmg in the digitoplantar 



Fw. 360. — Amputations About tub Tok« and Foot. (Outer view.) 

A, Tlirough fii«t interphalangeal joint of little too, by oblique circular iiiethocl; U, of little to< 
ind its metatarml, by raclcet method, with added curved incieion at upper end; C, outer aepect oj 
plantar and dornal ineinione, in Syme'e disarticulation of foot at ankle, by a heel-flapj one oi 
i^tion thnmgh tibia and fibula, in eame; D, outer aspect of plantar and donal inciMone, in i'lroRoff b 
disarticulation at ankle; D', line of section of tibia and fibula in name; 1)*, line of Hcctinn of w calciM, 
in Hame; £, supramalleolar ai iputation of leic, by oblique elliptical incision; E', tibial and fibiilar 
section in same; F, outer aspect of dorsal and plantar indBions in aubaetraiialoid diHarticulation of 
font by heel-flap. 


groove. If needed for the purpose of more readfly exposing the joint, 
an additional transverse or oblique incision may be added to the upper 
end of the vertical incision, by.prolonging the latter a short way directly 
outward parallel with the tarsometatarsal joint, or the upper end of 
the straight incision may be given a slight outward curve (Figs. 365, B, 
and 360, B). 

The steps of the operation are practically the same as in the cor- 
i^ponding operation upon the great toe (p. 846). The metatarsal 
is disarticulated from the cuboid and from the fourth metatarsal. 
Two dorsal and two plantar digital arteries are cut. 
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Disarticulation of Two or Three Contiguous Toes with 
their Entire Metatarsals (^By Oval or Radcet Method). — ^The pro- 
cedure is the same, in principle, as the operation for the removal of 
a single toe and its metatarsal (p. 845). Where two contiguous toes 
are removed, the vertical portion of the incision is placed between the 
toes, begmning just above the saw-line and diverging to include both 
toes, meeting on thd plantar surface of the web between them. Where 
three contiguous toes are removed, the vertical portion of the incision 
is placed over the middle metatarsal, beginning at the disarticulation- 
line, or just above, and diverging to include all three toes, meeting at 
the center of the plantar surface of the middle toe in the digitoplantar 
crease (Fig. 354, 1). 

Disarticulation of all the Toes at the Tarsometatarsal Joints 

(By Short Dorsal and Long Plantar Flaps — lAsfranc’s OpertUion ). — 
The operation consists of the disarticulation of the anterior portion 
of the foot at the tarsometatarsal line, the stump being formed of 
plantar and dorsal tissues (Fig. 357, B, B). 

The patient is supine, with the foot over the edge of the table. The 
surgeon is opposite the foot, standing while operating on the dorsum, 
and sitting while working upon the plantar aspect, steadying the toes 
with his left fingers during the incisions, while the assistant holds the 
anlde, and as soon as the incisions are made, the assistant takes the 
toes, while the surgeon grasps the flaps with his left hand. 

The landmarks are the tarsometatarsal joint-lines and the heads 
of the metatarsals (Figs. 352 and 353). 

Supposing the foot of the right side to be operated upon, the dorsal 
flap is outlined in the following way: the surgeon’s left hand grasps 
the foot with his thumb on the base of the fifth metatarsal and his 
forefinger on the base of the first, his palm to the sole, the foot being 
extended. The incision begins just behind the base of the fifth meta- 
tarsal, nearer the plantar than the dorsal surface, passes straight down 
the outer aspect of the foot for 2.5 cm. (1 inch), thence rounds on to 
the dorsum and crosses the foot with slight downward convexity, 
parallel with and about 1.3 cm. (^ inch) below the tarsometatarsal 
joints, reaching the inner border of the foot, 1.3 cm. (^ inch) below 
the tarsometatarsal joint, thence rounds into the inner aspect of the 
foot and passes straight upward and ends 2 cm. (f inch) above the 
cuneiform metatarsal articulation of the great toe, somewhat nearer 
the plantar than the dorsal aspect. The plantar flap is now made, the 
surgeon holds the toes between the fingers on the dorsum and thumb 
on the plantar surfaces, the foot being flexed. The incision is con- 
tinuous with the horizontal portion of the dorsal incision, passing down 
the outer lateral aspect of the foot along the plantar edge of the fifth 
metatarsal to just below its middle, then rounds into the sole and 
sweeps obli^e^ across the plantar surface in such' a way as to cross 
the fift^^^ppjitotsal just above its neck, the fourth metatarsal at its 
second opposite their heads, and the first meta- 
tarsal a^^^rafeihetatarsophalangeal joint, thence rounds into the inner 
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midlateral aspect of the foot, and passes straight up its border along 
the plantar edge of the first metatarsal, to become continuous with 
the vertical portion of the dorsal incision (Fig. 356, B, B). 

Deepen the dorsal line to the extensor tendons and free back the 
superficial tissues for about 6 mm. (i inch), and then divide all the soft 
parts down to the bones, while the foot is fully extended on the leg 
and the toes flexed on the foot, and free the flap to, and very slightly 
above, the joint-line, hugging the bone to save the interosseous vessels 
and portion of interosseous muscles. Deepen the plantar incision 
to the flexor tendons and free back the flap of superficial tissues to the 
hollow behind the heads of the metatarsals, and then divide all the 
soft parts down to the bones, while the foot is fully flexed on the leg and 
the toes extended on the foot, and free the flap to, and very slightly 
above, the tarsometatarsal joint-line. Both flaps contain all the soft 
parts to the bones. Disarticulation is now accomplished from the 
dorsum, llotract the flaps, extend the foot, and begin the disarticu- 
lation by entering the knife behind the prominent base of the fifth 
metatarsal at the outer side of the foot, and then, passing obliquely for- 
ward and inward, cut the peroneus brevis and tertiiis tendon and disar- 
ticulate the fifth, fourth, and third metatarsal. Then turn to the inner 
side of the foot, and sever the ligaments of the firet tai-sornetatarsal 
joint and divide the expansion of the tibialis anticus. There remains 
the freeing of the second metatarsal, which is somewhat difficult unless 
undertaken in a definite manner (Figs. 362 and 353). Hold the knife 
like a dagger, with the cutting edge toward the ankle, the Wade pointing 
forward at an angle with the dorsum of the foot, enter the point deeply 
between the bases of the first and second metatarsals, where they 
begin to bind; elevate the handle until perpendicular to the dorsum, 
cutting, at the same time, forward, and thus the ligaments binding the 
base of the second metatarsal to the base of the first metatarsal and 
internal cuneiform are severed, the manoeuver being called the 
^‘coup de maitre.” Kepeat this manoeuver between the bases of the 
second and third metatarsals. Complete the disarticulation of the 
second metatarsal by severing, from the dorsum, the ligaments between 
the middle cuneiform and the base of the metatarsal. Divide any 
connecting bands upon the plantar aspects of the joints. The peroneus 
longus tendon now alone holds the metatarsus; put this upon the 
stretch, dividing it high up. The following arteries are to be tied: 
In the dorsal flap, four dorsal interosseous; communicating branch of 
dorsalis pedis; in the plantar flap, five plantar digital branches of 
external plantar (and possibly the external plantar itself), and the 
termination of the internal plantar. Suture any open sheaths. Quilt 
the muscles. Suture the plantar and domal flaps in one transverse 
line. Support the stump upon a splint. 

Disarticulation of Anterior Part of Foot at Mediotarsal Joint 
(By Short Dorsal and Long Plantar Flaps — Chopart'a Operation ). — 
This operation consists of the disarticulation of the anterior portion of 
the foot at the astragaloscaphoid and calcaneocuboid joints, by means 
VOL. V— 54 
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of a short dorsal and long plantar flap, the operation being somewhat 
similar to Lisfranc’s tarsometatarsal disarticulation (Fig. 357, D, D). 
The position is as in Lisfranc’s operation (p. 848). 

The landmarks are the astragaloscaphoid joint (just behind the 
tuberosity of the scaphoid) ; the calcaneocuboid joint (midway between 
the external malleolus and the tubercle of the fifth metatarsal) ; the 
tarsometatarsal joint>line, and the middle of the metatarsus. 

Supposing the right foot to be the one operated upon, the plantar 
incision begins on the outer aspect of the foot, a little nearer the plantar 
than the dorsal surface, and at a point opposite the calcaneocuboid 
joint (see landmarks), passes straight down the outer side of the foot 
to near the middle of the fifth metatarsal, thence rounds inward and 
crosses the sole of the foot, opposite the middle of the metatarsals, to 
the inner side of the foot, rounds into the inner border of the foot, and 
passes straight up that border a little nearer the plantar than the 
dorsal surface, to a point opposite the astragaloscaphoid joint (see 
landmarks). The dorsal incision begins by curving from the outer 
limb of the plantar incision, just posterior to the fifth tarsometatarsal 
joint, and ends by curving into the inner limb of the plantar incision, 
just posterior to the first tarsometatarsal joint, crossing the dorsum 
opposite the bases of the metatarsals (Fig. 358, B, B). 

Deepen the plantar incision, the foot flexed on the leg and the toes 
extended on the foot, to the flexor tendons. Free the skin and fascia 
a short distance, divide all soft parts to the bone, and dissect up the 
flap of the entire soft parts to the mediotarsal joint. Deepen the dorsal 
incision, the foot extended on the leg and the toes flexed on the foot, 
to the extensor tendons. Free the skin and fascia a short distance, 
divide all the soft parts to the bones, and dissect up the flap of the 
entire soft tissues to the mediotarsal joint. Disarticulate from the 
dorsum while the foot is forcibly extended, rotating the forepart of 
the foot outward while severing the ligaments of the astragaloscaphoid 
joint, and inward while dividing those of the calcaneocuboid articula- 
tion. The tendons of the tibialis anticus and posticus and peroneus 
tertius, brevis, and longus are cut among the deeper structures. Quilt 
the muscular and tendinous tissues of the two flaps, especially suturing 
the extensor tendons and tibialis anticus of the dorsal flap, to the 
tissues of the plantar flap, in order to counteract the tendency of the 
tendo Achillis permanently to extend the foot. In the dorsal flap 
the dorsalis pedis and its tarsal and metatarsal branches are cut, and 
in the plantar flap the terminations of the external and internal plantar 
arteries and plantar digital branches. 

Disarticulation of Foot at Astr^aloscaphoid and Astrag- 
alocalcaneal Joints— Subastragaloid Disarticulation (By Large 
Intemoplantar Flap — Farabeuf ). — ^The procedure is a modified oval 
method. The structures below the astragalus are removed, the 
stump beifi^^bvered by a large flap gotten from the sole and inner 
border of the foot, the scar being horizontal and upon the outer and 
anterior aspects of the foot. The position is as in the preceding opera- 
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tions, the surgeon so manipulating the foot with his left hand as to turn 
it from side to side in following the complicated incisions. 

The landmarks are the tendo Achillis, the external malleolus, the 
base of the fifth metatarsal, the joint between the scaphoid and cunei- 
form, the joint-line between the scaphoid and the internal and the 
middle cuneiforms, the tendon of the extensor longus hallucis, the 
cuneometatarsal joint of the great toe, and the external tuberosity 
of the 08 calcis. 

The incision begins at the outer margin of the insertion of the tendo 
Achillis, curves upward to a point 2.5 cm. (1 inch) below the external 
malleolus, passes horizontally forward at this level, parallel with the 
border of the foot, until a point is reached on a line connecting the base 



Fig. 361 . — Subabtkaoaloid Disarticulation of Foot by Larcjk Intbunoplantaii Flap 

(Farabeuf). 

A, Outline of inciHion upon outer anpect of foot; B, outline of inciMon upon inner BHi>ect. 


of the fifth metatarsal with the joints between the scaphoid and cunei- 
form bones, thence curves sharply across the dorsum, just anterior 
to the joint-line, between the scaphoid with the internal and middle 
cuneiforms, until the tendon of the extensor longus hallucis is reached, 
thence curves slightly forward to cross the inner border of the foot in 
the line of the cuneometatarsal joint of the big toe, thence sweeps 
across the center of the sole, and, curving into the outer border of the 
foot, follows that border to the extemid tuberosity of the os calcis, 
thence upward, to end at the insertion of the tendo Achillis, at the 
point of beginning (Fig. 361). 

The above incision is now everywhere deepened to the bone along 
the line of the retracted skin and fascia, using a stout knife, and cutting 
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with force as the parts are put upon the stretch, cutting all the tendons 
cleanly, and opening no joints. Now flex the leg upon the thigh, turn 
the knee inward, and press the inner side of the leg onto the table, so 
that the outer side of the leg presents, and the foot is beyond the edge 
and kept upon the stretch. Dissect up, cleanly from the bone, the 
outer dorsal portion of the flap, until the head of the astragalus is 
exposed in front and the tendo Achillis behind; divide the tendo 
Achillis, enter the astragaloscaphoid joint on its dorsal aspect, keep 
the knife in the interarticular line, and cut backward between the 
astragalus and os calcis, passing beneath the tip of the external malleolus 
to the already cut tendo Achillis, severing all ligaments, and everting 
the os calcis as the ligaments arc cut, until the under surface of the 
astragalus is free. The foot is further twisted into extreme vaiois, 
and the inner and under surfaces of the os calcis are hared, working 
from the inner toward the under and outer surfaces of the os calcis, 
by cutting with short strokes of a strong knife, and closely hugging the 
bone to avoid damaging important structures on the inner a.spcct, 
especially the vessels which supply the flap. By the time the externo- 
plantar border of the os calcis is reached, the dorsum of the foot will be 
looking downward. Free the skin from the posterior surface of the 
os calcis carefully, so as not to score the integumentary parts. Sever 
any remaining connection. Cut the anterior and posterior tibial 
nerves high up. The following arteries arc encountered in the direction 
of the incision, and will require ligation; the posterior peroneal, the 
anterior peroneal, the dorsalis pedis, the internal and external plantar. 
Provide temporary drainage by puncturing the heel portion of the flap. 
Quilt the muscles and the tendons. Suture the flap in an external and 
anterior horizontal line. Dress the stump upon a posterior splint. 

Disarticulation of Foot at Ankle-joint, with Removal of Mal- 
leoli and Articular Surface of Tibia {Bij lied Flap— Byrnes’ 
Operalion ). — ^The operation is sufficiently described in the above title. 

The patient is supine, with the foot elevated and over the edge of 
the table. The assistant steadies the leg with one hand and holds the 
foot at a right angle to the leg by grasping the toes with the other hand. 
The surgeon sits for the plantar and stands for the dorsal incisions. 
The landmarks are the outline of the ankle-joint and the malleoli. 

The plantar incision begins at the tip of the external malleolus, on 
the right side (the surgeon’s left palm resting bn the instep, with the 
forefinger and thumb upon the malleoli), passes vertically down the 
outer side of the foot across the sole, and vertically up the inner side 
of the foot to a point 1.3 cm. inch) below the tip of the internal 
malleolus. This incision passes exactly at a right angle to the long axis 
of the foot, in a straight line between these two points; if inclined for- 
ward, the flap is ver}' difficult to dissect from the os calcis; if inclined 
backw^^.4t,is easier to separate, but apt to form a scanty eovermg, 
with im]^^ct vascular supply. If the inner limb of the vertical 
incision passes up to the posterior border of the inner malleolus, the 
posterior tibial artery is more m danger of being divided before its 
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bifurcation and the main branch of the flap, the internal calcaneal of 
the external plantar, is lost. The above incision is made in two cuts, 
each from the malleolus to the center of the sole. The dorsal incision 
(surgeon’s left palm to the sole, with the thumb and first finger grasping 
the margins of the foot and extending it) connects the upt)er ends of 
the plantar incision by an incision sweeping straight across the front 
of the ankle. The dorsal and plantar incisions are approximately 
at a right angle to each other (Fig. 359, C, C, and Fig. 360, C, C). 

The plantar incision, made with a heavy knife, passes directly and 
cleanly to the bone. The large heel flap is freed from the os calcis as 
far as its tulierosities, partly by the use of the left thumb, partly by 
a stout knife cutting close to the bone. It is txtssiblc, but difficult and 
unadvisable, entirely to dissect and retract the heel flap from the 
tuberosities and posterior surface of the os calcis from the plantar 
wound. With the foot fully extended, the domal incision is now mode 
directly to the bone, cutting the tendons and ligaments cleanly. This 
incision cuts directly through the anterior ligament of the ankle-joint 
and opens the articulation. The disarticulation is continued by 
cutting the lateral ligaments from within outward, and completed liy 
similarly cutting the posterior ligament. The tendo Achillis is now cut. 
The foot is then drawn downward and forward and the posterior and 
lateral surfaces of the os calcis dissected free of the heel covering by 
working from behind downward and forward with short, close strokes 
of the knife while the parts are under tension. The malleoli are now 
closely cleared of their soft parts, hugging the bones and guarding the 
flaps. The soft parts are well retractetl, and the tibia and fibula arc 
sawn transversely about 6 mm. (i inch) aljove the inferior border of 
the tibia (which will remove the articular surface of the dome), the 
malleoli being steadied by forceps during the sawing. Ligate the anter- 
ior tibial, external and internal plantar, and probably the external and 
internal malleoli of the anterior tibial, the anterior peroneal, the 
internal malleolar of the posterior tibial, and the internal and external 
saphenous veins. Cut all the nerves short, especially those of the heel 
flap, which is bent over the ends of the sawn bones. Suture the heel 
flap to the dorsal incision, using tension-sutures in addition to coapta- 
tion sutures, if there be much strain upon the suture line. Institute 
drainage through a counteropening in the heel flap if indicated. So 
dress the part, with a posterior splint included, as to draw the heel 
flap forward and upward. 

Disarticulation of Foot at Ankle-joint, with Removal of 
Malleoli, Articular Surface of Tibia, and Anterior Part of Os 
Calcis {By Bed Flap—IHrogoff’a Operation).— An intracalraneal 
osteoplastic amputation of the foot. The operation is very similar 
to Symes’, except that the anterior and maio^ portion of the os calcis 
is sawed off and the remaining posterior portion, which is left in the 
heel flap, is adjusted to the transversely sawn tibia and fibula. 

The position and landmarks are the same as in Symes’ operation 
(p. 862). 
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The plantar incision (in the case of the right foot) begins just 
anteriorly to the tip of the external malleolus, passes vertically down 
the outer side of the foot, across the sole, and vertically up the inner 
side of the foot to a point 1.3 cm. inch) below and a short distance 
anteriorly to the tip of the internal malleolus (which points are a little 
anterior to those of Symes’ operation). The dorsal incision is somewhat 
more convex; that is, it passes further down on the dorsum of the foot 
than does Symes’ (Fig. 359, D, D', D", and Fig. 360, D, D', D")- 

These incisions are made and deepened in the same manner as in 
Symes’ operation. The heel flap is not fi‘eed back from the plantar 
surface of the os calcis quite to its tuberosities. The disarticulation 
is accomplished as in Symes’. The foot is placed in extreme extension 
and the upper surface of the os calcis exposed, but the tendo Achillis 
not cut. The whole of the os calcis having been freed except its pos- 
terior third, the saw is applied (with the foot in extension) to the upper 
surface of the os calcis, 1.3 to 2 cm. (^ to inch) l)ehind the astragalus, 
and made to saw its way obliquely downward and forward (or more 
nearly vertically, in the extended position of the foot) in a line about 
parallel with the now distorted heel incision, all the soft parts being 
carefully retracted the while, especially the inner arteries. The lower 
ends of the tibia and fibula are then freed as in Symes,’ and are sawed 
off in the same manner, except that, after entering the anterior surface 
of the bone about 6 mm. (^ inch) above the inferior border of the tibia, 
the section is so made that the saw emerges posteriorly about 1.3 cm. 
(i inch) higher than on the anterior surface (to be parallel with the 
section of the calcaneum). Ligate the same vessel as encountered 
in Symes’ operation. Cut the nerves short and the loose tendons. 
Approximate the sawed calcaneum to the sawed tibia, and suture the 
plantar flap to the dorsal incision. 

Amputation of Leg through Supramalleolar Region {By Oblique 
EUipHcal Incision — Guy on’ a SupramaUedar Operation ). — An opera- 
tion somewhat resembling Symes’, the tibia and fibula being 
divided below the medullary canal, and the ends of the bones covered 
by a heel flap of skin and muscles. 

In operating upon the leg, in general, the limb projects over the 
edge of the table, the patient being supine, the surgeon standing to 
the outer side of the right and inner side of the left, the assistant steady- 
ing the part to come away. In the present operation the surgeon 
grasps the foot in his left hand and manipulates it so as readily to 
expose the line of incision. On the right the foot is turned inward and 
the incision begins at the outer side of the heel, crosses the outer aspect 
of the foot, which is then turned upon its outer side, and the incision 
carried to the heel along the inner aspect. On the left, the incision 
may begin in front, with the foot upon its inner side. 

The lanclp^ks are the ankle-joint, the malleoli, and the greatest 
prominenqf^-^l^he heel. 

TheJ|afi|^ff begins, say, on the anterior aspect of the ankle, opposite 
the centw of the ankle-joint, curves obliquely downward and bac^ard 
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over the laterd aspects of the foot, just skirting the inner malleolus, 
and p^ing slightly in front of the external malleolus, ending over the 
summit of the curve of the heel. The incision may be made from the 
instep to the heel, or vice vers4 (Fig. 360, E, E'). 

The above incision is made through the skin and fascia, and is then 
everywhere deepened to the bone, except that the ankle-joint is not 
opened and the peronei tendons 
behind the external malleolus arc 
not cut until the soft parts have 
been cleared above the ankle-joint. 

The soft tissues are now carefully 
freed up about 5 cm. (2 inches) 
above the tips of the malleoli, 
providing a musculoperiosteal cov- 
ering, using great care to preserve 
the vessels on the inner aspect, 
the surgeon standing for the ante- 
rior clearing, and sitting (or elevat- 
ing the limb) for the posterior clear- 
ing. The tendo Achillis is divided. 

The peronei tendons are cut at 
about the level of the ankle. The 
ankle-joint is not opened. The an- 
terior tibial, posterior tibial, termi- 
nation of the peroneal, and ante- 
rior peroneal vessels are ligated. 

The nerves and tendons are cut 
especially short. It is probably 
better to dissect out the posterior 
tibial nerve. The convex heel flap 
is then sutured to the upper con- 
cave incision, and the stump dressed 
as in Symes’ operation. 

Amputation through Lower 
Third of Leg (By Large Posterior 
and SmaU Anterior Flaps — Fara- 
beuf ). — The operation is usually 
known as a large posterior flap 
method, the anterior flap supplying 
a small part of the covering. Both 
flaps are of skin and muscle.^ The 
posterior flap, which forms the bulk 
of the covering, is derived really 
more from the postero-internal aspect, and the anterior or smaller flap, 
which is about one-fourth the length of the larger, from the antero- 
extemal aspect. 

For the position see the supramalleolar amputation (p. 854), and 
under Incision below. The landmark is the saw-line. 



Fxo. 362.— Amputationa About the Leg. 

A, Through lower third of left by Iaiwb 
poBienor and umall anterior flaj>; B, tnrou^ 
middle third, by long posterior and short 
anterior (Hey's operation); C, through uimr 
third, by bilateral hooded flaps (Stephen 
Smith's operation). 
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The incision for the posterior flap be^ns (on the right side) with 
the leg turned to present the inner side, at the saw-line, on the inner 
side of the leg, and passes vertically down in front of the inner border 
of the tibia for a distance equal to about 1^ diameters of the limb at 
the saw-line, then round across the posterior aspect of the leg. The 
outer limb of the incision begins, with the leg turned to present the 
outer side, at the saw-line, on the outer side of the leg, and passes 
vertically down just behind the fibula, for a distance equal to one and 
a quarter diameters of the leg at the saw-line, then rounds across the 
posterior aspect of the leg to meet the inner incision. The anterior 
flap is made by a transverse incision, slightly convex downward, passing 
between the two vertical incisions, at a distance below their upper ends, 
equal to about one-fourth of the length of the posterior flap (Fig. 362, A). 

These incisions having been made through the skin and fascia, the 
tendo Achillis is divided on a line with the retracted skin, and the leg is 
turned to present its inner side, and the upper part of the inner incision 
is deepened for a length of about 5 cm. (2 inches) by freeing the muscles 
from the tibia. The leg is now turned to present the outer side, and 
the upper end of the outer incision is similarly deepened for a distance 
of about 5 cm. (2 inches) by freeing the muscles from the fibula. The 
leg is flexed during these incisions. Through these two opposite open- 
ings the left' thumb and index are thrust, meeting in the center, and 
thus the soft parts are picked up and drawn from the bones, the limb 
still being flexed. A long knife is passed through this opening and 
made to cut its way out on a line with the retracted skin, bluntly 
beveling the flap. The anterior incision is now deepened to the bone 
on a line with the retracted skin. The soft parts are then freed back 
to the saw-line, the interosseous membrane being divided transversely, 
and the periosteum having been circularly divided a distance below 
the saw-line sufficient to furnish a covering of one diameter of each 
bone at the saw-line. The soft parts are retracted and the bones are 
sawed, beveling the prominent anterior border of the tibia. Ligate the 
anterior tibial, posterior tibiai, peroneal arteries, and internal and 
external saphenous veins. Suture the periosteomuscular coverings 
over the ends of the bones. Quilting of the muscles is particularly 
indicated, as the heavy posterior muscles are apt to sag backward. 
Dissect out the posterior tibial nerve. Dress the. stump on a posterior 
splint. 

Osteoplastic Amputation of the (By Long Posterior aid 
Short Anterior Flaps ). — Having amputated the leg by a long posterior 
and short anterior flap, a vertical section is made from the author 
surface of the tibia, forming an adherent bone-flap, which is broken 
backward, and subsequently applied to the transversely divided 
portions of the tibia and fibula. 

The position is the same as in amputating the leg by anteroposterior 
flap methods, see above. The landmark is the saw-line. 

The posterior flap, having a base equal to one-half the circumference 
of the limb at the line of the bone section, is made by an incision 



SPECIAL AMPUTATIONS. 


867 


beginning just below the line of the division of the bone, and passing 
down behind the posterior border of the tibia and fibula, rounding out 
into the posterior aspect of the limb at a distance below the saw-levcl 
equivalent to about one diameter of the limb at the level of the bone- 
section. The anterior fiap is one-third the length of the posterior, 
beginning and ending in the same lines laterally. 

Having outlined both flaps through 
the skin and fascia, the soft parts of 
the posterior flap are divided to the 
bones, cutting obliquely from the line ^ 
of the retracted skin. This flap is then 
retracted, en masse, up to the saw-line. 

The anterior flap is dealt with in the 
same way, both flaps consisting of all 
the soft parts down to but not including 
the periosteum. Having retracted the 
soft flaps well out of the way, thus ex- 
posing the tibia and fibula with their 
undisturbed periosteum, the bone-flap 
to be taken from the tibia is planned. 

A sufficient length of bone-flap is calcu- 
lated to cover the transversely divided 
ends of the tibia and fibula — the bone- 
flap coming from the antero-intemal 
aspect of the tibia. The making of 
this flap is somewhat complicated, but 
is well shown in the diagrammatic Figs. 

364, 365, and 366. Having completed 
the division and retraction of the soft 
parts, the tibia and fibula are sawn 
transversely at H and F, Fig. 364. The 
tibia is sawn longitudinally from H to G, 
along AC and BD. The fibula is then 
sawn completely through at E, and the 
tibia is divided at CD, nearly to but not 
through the periosteum toward G. The 
portion of the tibia between the lines 

AHB and CGD represents the osteoplas- ^ a. mwrticuiation at the knee-joint 

4.* a mi e m n • v ^1 by All obli(]U6 inciMon; B, cwteoplftstic 

tic tlap. The penosteal flap is now broken amputotion of the leg by long poeterior 
back through the limited portion of bone ■hortantenor ap. 
still holding it by means of a chisel inserted in the saw-section and given 
a slight tap. Having hinged back the bone-flap, room has now to be 
provided for its bending forward over the transversely divided tibia 
and fibula. This is accomplished by making another transver^ divi- 
sion of both bones at a height above the preceding section equivalent 
to the thicknessof thebone-flap (Pig. 365). Thecompleted bonesections 
are shown in Fig. 366, where the redundancy of periosteum is shown, 
furnishing the hinge. The bone-flap is now dropped over the ends 
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of the bones and is hdd in place either by suturing its periosteum to 
that of the tibia and fibula, or by carrying an absorbable suture through 
a hole previously drilled through both bones, as shown in Fig. 367. 
Having united the bone-fiap to the tibia and hbula, the larger posterior 
flap of soft parts is brought over the bone-flap and sutured to the 



Fig. 364. — Linhh of Suction or Bonsb in tiix Ortboplabttc Amputation of the hEU. 

TIavinff completed the division and retraction of the soft parts, the tibia and fibula are sawn 
transversely at 11 and F; the tibia is sawn lonidtudinally from H to G, along AC and BD; the fibula 
is then sawn through completely at E, and the tibia is divided at CD, nearly to but not through 
the periosteum toward G; the portion of the tibia between tlie lines AllB and CGD represents 
the osteoplastic flap. 


contour of the smaller anterior flap, the muscle structures in the two 
flaps being supported by buried absorbable sutures. 

Amputation through Middle Third of Leg (Bif Long Posterior 
and Short Anterior Flaps — Hey’s Operation ), — ^The covering is one of 
skin- and muscle-flaps furnished almost entirely from the posterior 
aspect of the leg. The method is frequently termed simply a long 



Fig. 365.— Removing Sections of Tibia and Fibula to Enable the Tidial Done-flap to be 
Hinged over upon the Sawn Fibula. 

A, A third transverse section of both bones is here made for this puivoee, at a height above the 
preceding section equivalent to the thickness of the Bone-flap. 

posterior flap operation, and differs but little from Farabeuf’s amputa- 
tion through the lower third of the leg. 

TUe^lidsition is as in Guyon’s supramalleolar amputation (p. 854), 
and as given under the incision below. The landmark u the saw-linei 
The posterior flap is U-shaped, its breadth is equal to half the 
circumference of the limb at the saw-line, and its length is equivalent 
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to one-half diameter of the limb at that line. It begins 2.5 cm. (1 inch) 
below the saw-line (instead of at that line). The inner limb passes 
vertieally down the leg, just behind the internal border of the tibia, 
rounding broadly into the posterior aspect of the limb, the outer limb 
passing vertically downward just liehind the fibula, posterior to the 
peronei muscles, and rounding broadly into the posterior aspect of the 
leg, to unite with the opposite limb of the incision. The anterior flap 


3 



Fio. 360. — ^Thb Obteoplahtic Ampctation op the Leo. 

Tlie bone-flap, AB. with ita perioMteal hinae, K, is here shown ready to be applied to tlic 
transversely divided ends of the tibia and fibula, L, M, Owin^ to the removal of the piece of tibia 
an<l fibula accomplished by the last section (Ii'Ik. 365) this hinging is made possible. 

is about one-third the length of the posterior, and is made by joining 
the vertical limbs of the posterior flap at their upper thirds, by a 
transverse incision, with slight downward convexity, across the front 
of the leg. In these incisions the knee is flexed and the leg is laid on 
the outer side, while the inner incision is being made from above 
downward, and vice versa (Fig. .362, B). 



Pio. 307 . — The Obtboplabtic Amputation of the Leo. 

The tibial flap, with its adherent and continuous periosteum, is here shown applied to itself and 
fibula, a suture, paa^ through drilled boles, bolding the parts m contact. 

The above incisions pass through the skin and fascia only. With 
the leg flexed on the thigh and the knee everted, the gastrocnemius is 
held up by the thumb and first finger and cut from without, on a line 
with the retracted skin and fascia. The upper parts of both vertical 
incisions are now deepened, the inner to the tibia, thte outer to the 
fibula, behind the peronei muscles. The left thumb and index are 
insert^ into these slits and the muscles drawn outward. The muscles 
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having been detached from the bones and interosseous membrane 
above, a long knife is passed between the bones and separated muscles 
and is made to cut its way outward along the line of the retracted skin. 
The interosseous membrane is divided transversely and the perios- 
teum circularly, and all the soft parts retracted upward for the 2.5 cm. 
(1 inch) between the saw-line and the beginning of the flap. The 

flaps are now retracted, the bones 
divided, and the prominent crest of 
the tibia beveled. The anterior 
tibial, posterior tibial, and peroneal 
arteries are ligated. The musculo- 
periosteal coverinp are sutured 
over the ends of the bones. The 
muscles are quilted with especial 
care, owing to the tendency of 
the posterior flap to sag backward. 
The large posterior and short ante- 
rior flaps are then sutured together, 
and the stump supported upon a 
posterior splint. 

Amputation through Upper 
Third of Leg (By Large External 
Flap — Farabeuf ). — The stump is 
covered by a large U-shaped flap 
of skin and muscles raised from 
the external asx)cct of the leg. 

The patient lies in a supine posi- 
tion, with the leg projecting over 
the side of the table, the knee flexed, 
and the leg lying on the inner side 
for the incision of the external flap, 
and on the outer side for the trans- 
verse incision. The surgeon stands 
to the outer side of the right and 
the inner side of the left leg. The 
landmark is the saw-line. 

The U-shaped external flap is 
equivalent in length to one diameter 
of the limb at the saw-line; it be- 
gins opposite the saw-line anteriorly, 
passes vertically downward parallel 
with and just internal to the an- 
terior border of the tibia, rounds 
across the external aspect of the 
leg, and passes yertically upward directly opposite the anterior incision, 
but ends about 4 cm. (1} inches) below the saw-line. The transveise 
incision passes transversely across the inner aspect of the limb, with 
slight downward convexity, connecting the upper end of the posterior 



Fig. 388.— Amputations About thb Lbq. 

A, Through lower third of leg, by oblioue 
ciroular method; B, through middle third, 
modified circular method; 0, through upper 
third, by large external flap. 
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incision with a point on the anterior incision 4 cm. (IJ inches) below 
its beginning. The external flap may be cut or outlined with one sweep 
of the knife, but it is better to complete it in two strokes (Fig. 368, C). 

Beginning with the external flap, the above incision is deep- 
ened along the line of the retracted skin, and the large flap of soft 
parts to the bones raised. To accomplish this the incision is 
first deepened along the anterior limb by cutting down upon the 
anterior border of the tibia from above 


downward. The tibialis anticus is thus 
freed from the bone. The left, fingers 
of the operator, slipped between the 
muscles and the bones, draw it out- 
ward, while the short knife continues 
its downward incision, beveling obliquely 
the lower portion of the muscular mass 
toward the extremity of the flap. Thus 
the entire muscle muss is separated 
from the tibia, interosseous membrane, 
and fibula, by the use of the knife, 
fingers, and the elevator. Caro is taken 
that the anterior tibial artery is not 
divided before the free end of the flap 
is reached, the integrity of which so 
largely depends upon this vessel. If 
the parts are freed up too high, especi- 
ally posteriorly, where the vertical in- 
cision is shorter than the anterior, the 
anterior tibial artery may Im severed 
before traversing the interosseous mem- 
brane. The transverse incision cross- 
ing the inner aspect of the limb is now 
deepened by cutting from without in- 
ward on the line of the retracted skin and 
fascia. The interosseous membrane is 
divided transversely. The periosteum is 
circularly divided around the tibia and 
flbula. The periosteum and soft parts 
are then freed up to the saw-line and re- 
tracted, while the bones are divided, 
the prominent margin of the tibia being 
beveled from above downward and from 



Fic. 309 .— Bibr’h OHTEoi»f.ABTir! Am- 
putation OK THK Upper Third of 

THE l^EO. 

LiiicH for the inciHUin of the Mift 
parts fonninit an antero-intenial celluio- 
cutaneoue flap* 


before backward. The fibula 


is sawed a little higher than the tibia, and beveled from above downward 
and from without inward. The anterior tibial, posterior tibial, pero- 
neal, muscular branches to the gastrocnemius and soleus, and the 
nutrient arteries are ligated. All nerve-trunks which are apt to be 
pressed upon are dissected out. The muscles are quUted. ^ The 
niargins of the external flap are sutured to the inner transverse incision, 
and the limb dressed upon a posterior splint. 
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Osteoplastic Amputation through Upper Third of (By 

Anter<hintemal Flap — Bier’s Method ). — An osteoplastic flap is taken 
from the antcro-internal aspect of the tibia, in the upper third of the 
leg, and applied to the transversely divided tibia and fibula. 

The position is the same as for amputations through the upper part 
of the leg (p. 860). 

The landmark is the saw-line, which may be at any height of the 
leg, but is usually in the neighborhood of the junction of the upper 
and middle thirds (Fig. 369). 

An antero-internal flap of skin and connective tissue is outlined, 
having a base equal to one-half the circumference of the limb at the 
saw-line, and whose length is somewhat greater than the diameter at 
that line. The upper limits of this flap are connected by a semicircular 
incision with slight downward dip at its center and passing posteriorly. 



I?10. 370, — ^BIRRV OftTEOPT,ASTIO AMPUTATION OF THE LeO. 

A, Showing manner of raising an osscoperiosteal flap from tibia; H, showing bono-flap brought 
over sawed ends of tibia and fibula, and its periosteal margins, sutured to the iiiaripns of periosteum 
around tibia and fibula. The osseoperiosteal flap is hero shown separated from its soft parts, to 
which it should be adherent. (Modified from Bier.) 

Having carried these incisions through the skin and fascia, the 
large antero-internal flap is dissected back and turned upward upon 
the limb. The periosteum is incised upon the subcutaneous aspect of 
the tibia, transversely at the lower limit of the flap, and vertically 
along the borders of the tibia, sufficiently to plan for the formation 
of the periosteally covered bone-flap. A bone-flap, with periosteum 
attached, is now raised from this aspect of the tibia by means of a 
Gigli-Haertel saw, calculated to cover the transversely divided tibia 
and fibula. The bone-flap is broken back at its base, the periosteum 
maintaining a hinge-connection with the upper part of the bone (Fig. 
370, A). This bone-flap is turned upward and backward, and the limb 
is amputtli^:|it the level of the upper limit of the limbs of the antero- 
intemll a transverse incision. The vessels are secured and the 

nerves and tendons cut short. Enough of the upper end of the bone- 
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flap is removed with a saw to enable the intervening hinge of periosteum 
to bend over the end of the bone without too great stretching. Having 
approximated the sawn bone-flap to the sawn ends of the tibia and 
fibula, it is held in place by suturing the adjacent margins of the 
periosteum with absorbable sutures, as indicated in Fig. 370, B. The 
skin-flap is finally turned down and sutured to the transversely divided 
skin posteriorly. 


Disarticulation at Knee-joint 

{By Bilateral Hooded Flaps — Stephen 
Smith ). — ^Two lateral flaps of skin 
and fascia are raised from the outer 
side of the upper portion of the leg 
by an incision extending much higher 
behind than in front. These are 
retracted to the articular line, where 
the soft parts are circularly divided, 
after which the bilateral hooded flap 
is dropped over the disarticulated 
end of the femur, the scar being 
posterior and in the groove between 
the condyles. 

The patient is in the supine posi- 
tion, with the limb over the edge 
of the table, held horizontal for skin 
incisions and vertical when freeing 
back the soft parts. The surgeon, 
standing to the outer side of the 
right and the inner side of the left 
limb, places the left thumb upon the 
anterior border of the tibia to mark 
the upper limit of the anterior in- 
cision, and his left index opposite 
the posterior joint-line to mark the 
upper limit of the posterior incision, 
leans over the patient, and cuts from 



behind forward on both sides, the 
incisions meeting at the highest point 
of the anterior incision. The land- 
marks are the knee-joint and the 
tubercle of the tibia. 


Fio. 371. — Amputationh About the Leo 
AND TllltlH. 

A, Througli upper third of leg, by ecpial 
lateral flapH; B, diMarticulation at knee, by 
bilateral noodra flaps (Stephen Bnaitli H 
operation); C, through lower part of Hugh, 
by oval method. 


The highest point of the posterior incision is opposite the joint-line, 
and the highest point of the anterior incision is 2.5 cm. (1 inch) below 
the tuberosity of the tibia. The surgeon’s left thumb marks the 
anterior and the index the posterior points. The incision begins pos- 
teriorly in the midpopliteal space, opposite the interarticular line, as 
defined by the tip of bis left index, passes thence vertically down the 
midposterior aspect for about 5 cm. (2 inches), thence gradually diverges 
from the median line as it sweeps downward and outward over that 
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side of the limb further from the surgeon (and over which he is leaning), 
until about 5 cm. (2 inches) below the tubercle of the tibia, cutting a 
flap with convexity downward; thence curves forward and slightly 
upward to a point in the median line 2.5 cm. (1 inch) below the tibial 
tubercle, thus ending the outline of the further flap. The knife again 
enters posteriorly at the same point, and makes a similar incision upon 
that side of the limb nearer the operator, calculating that the internal 



Fig. 372. — ^Tranhvrrbb Section through the Lower Third of the Right Thigh. 

A, VantUH extemun; B, D, biceps; C, sreat sciatic nerve and vessels; E, semitendinosus;^ F. 
rectus: G, I, vastus intemus; H, crureus; J, femoral vessels and tong saphenous nerve; K, sartorius; 
L, adductor magnus; M, somimembraiiosus; N, gracilis. (Cross-section modified from Biauno.) 


flap is slightly larger to cover the larger internal femoral condyle, and 
meeting the first incision at the median line in front. The limb is 
rotated outward while the inner incision is being made, and vice vers4. 
The knee is extended throughout (Fig. 371, B). 

The skin and fascia are now freed all around and dissected up from 
the muscles and tendons. The ligamentum patellse is cut transversely 
against the tuberosity of the tibia as soon as reached. The skin-and- 
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fascia flaps are retracted up to the joint-line. Incise transversely 
the structures along the upper margin of the tibia, on the anterior 
and lateral aspects, iliotibial band, tendons of sartorius, gracilis, senii- 
tendinosus, biceps, and the lateral ligaments, and, lastly, cut the coro- 
nary ligaments binding down the semilunar cartilages, attacking them 
upon the sides of the joint, entering the joint between the head of the 
tibia and the semilunar cartilages, thus leaving these cartilages in the 
stump, and completing their separation by flexing the knee. Flex 
the Imee and cut the crucial ligaments. lOxtend the knee and divide 
transversely, with one sweep of a long knife, all the soft parts opposite 
the posterior aspect of the joint — ^the gastrocnemius, popliteus, ham- 
string tendons, popliteal vessels and nerves, and posterior ligament. 
Ligate the popliteal artery and vein, sural, superior articular, and 
anastomotica magna branches. Suture the lateral flaps in a vertical 
line, the scar being eventually drawn into the intercondyloid notch. 
Drain temporarily through the upper end of the posterior incision. 

Amputation Just above Condyles of Femur, with Splitting 
of Patella (B// Longer Anterior and Shorter Posterior Flaps — GnV/i- 
Stokes* Supracondjjloid Osteoplastic Amputation). — Gritti’s operation 
consists in the division of the femoral condyles at the level of their 
adductor magnus tubercle; the removal of the articular surface from 
the patella; the application of the sawed patella into contact with the 
saw^ femur; and the covering of the stump with a long rectangular 
anterior flap. Stokes^ modification consists in dividing the femur 
2 to 2.5 cm. (f to 1 inch) above the adductor tubercle (where the 
transverse section of the femur more nearly corresponds with the size 
of the split patella), the stump being then covered by an anterior 
longer, and posterior shorter, flap, the object being, in the latter case, 
to approximate bone sections of nearer similar size, and to bring them 
into contact with lesser tension. 

The patient rests upon the back, drawn down upon the table so 
that the buttocks are near or on the edge of the table. The surgeon is 
upon the outer side of the right and inner side of left limb. One 
assistant steadies and supports the part below the site of operation, 
and another holds the limb, or retracts the parts, above the site of 
amputation. The landmarks are the adductor magnus tubercle, 
knee-joint, and tubercle of the tibia. 

The anterior longer flap begins 2.6 cm. (1 inch) directly above the 
prominence of one condyle, and ends the same distance directly above 
the prominence of the opposite condyle, crossing the front of the knee 
with a broad curve just below the tubercle of the tibia. The posterior 
shorter flap passes, in a broad curve, between the points of beginning 
and ending of the anterior flap, being one-third the length of the 
anterior flap (Fig. 373, B). 

These flaps, having been outlined through skin and fascia, are now 
dissected upward. The skin and fascia of the anterior flap are raised 
from its lower edge until the ligamentum patellsc is reached, which is 
cut transversely, and the flap further freed and turned up, with the 
vou V — 55 
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patella in it. The posterior flap of skin and fascia- is then freed upward 
from the muscle structures. These flaps are now retracted to the 
saw-line (2 to 2.5 cm., or f to 1 inch, above the adductor magnus 
tubercle) and all the soft parts, including periosteum, circularly divided 

to the bone, after which the bone is 
sawed — the main vessels may be 
now tied before the section of the 
patella, which is the most difficult 
part of the operation, is done. 
These vessels are the popliteal, 
muscular, articular, anastomotica 
magna. The patella is grasped 
firmly by lion-jaw forceps and 
held in such a way as to present 
its articular surface horizontally. 
A section of the bone is made in 
such a manner as to remove the 
articular surface of the patella. 
This is best accomplished by a 
narrow, thin saw. It may also 
be done with a broad chisel, and, 
less satisfactorily, with cutting 
pliers. The cut surface of the 
patella is then approximated to 
the sawed end of the femur. It 
may be held in place by inserting 
two or three ivory or steel pegs 
through previously drilled holes in 
the patella, or by wire or kangaroo 
tendon suturing through drill-holes 
near the margins of the patella 
and femur, or by closely suturing 
the fibrous parts about the patella 
to the fibrous or periosteal parts 
about the lower end of the femur. 
The anterior and posterior flaps 
are then sutured together. Firm 
pressure is used against the stump, 
in the dressing, to aid in steady- 
ing the patella against the femur. 
Femorotibial Osteoplastic Amputation of the Lower Limb 
{By Longer Anterior and Shorter Poeterior F^ape—Sadbanajeff’s 
Operation ). — ^The limbs are amputated through the condyles of the 
femur. To this sawn surface a bone-flap, with adherent soft paxte, 
is applied. The osteoplastic flap is derived from the upper anterior 
aspect of the tibia. 

The position is the same as for disarticulation at the knee-joint 
(p. 865). The landmarks are the head of the fibula, the internal 



Fig. 373 .— Amputationb About Kbee and 
Thigh. 

A. Liater'n modifloatlon of Carden's trans- 
conuyloid amputation of thigh; division of 
femur in Lister's operatiom on level with ad- 
ductor tubercle; B, Qritti-Stoken’ supracondv- 
loid amputation of thigh* with dotted lines. B' 

_i : « t ■ 


and short posterior flaps. 
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lateral ligament, the tubercle of the tibia, the tibiofibular articulation, 
and knee-joint. 

The vertical limbs of the anterior flap pass down the midlateral 
aspects of the leg, from the head of the fibula on one side, and the 
internal lateral ligament, on the other, to near the junction of the 
middle and upper thirds of the leg, where the}^ round out and meet in 
the anterior aspect of the part. The posterior flap is similar in form 
and about half the length of the anterior (Fig. 374). ^ 

Having outlined both flaps through skin and fascia, the posterior 
flap of skin and fascia alone is dissected up to the articulations between 
tibia and fibula, and between tibia and femur. The knee-joint and the 



Fia. 374.— Sbabanajefk's Fbmorotibial 
08TBOPI.A8TIC AMPUTATION OP THE 

Lower Limb. 

Lines of incision of the soft parts out- 
lining long anterior and short posterior 
ttaps. 



fio. 375.— Ssabanajbkf’b Femohotibiai. Obteo- 
PLASTIC Amputation of the Lower Limb. 

Lines of bone-sections; A, Portion of femoml 
sondyies removed; 13, rectangular piece of tibia, 
srith attached, patellar tendon, removed from 
tibia. (Modified from Ssabanajeff.) 


tibiofibular joint are now opened from behind. Divide the lateral, 
posterior, and crucial ligaments, after having severed the overlying 
soft structures. The leg is now bent forward, so that the anterior 
surface of leg and thigh lie in contact, thus exposing the ends ot the 
bones for sawing. The lower end of the femur is divid^ transversely 
through the expansion of the condyles (Fig. 375, A). Finally, a bon^ 
flap is made from the upper and anterior aspect of the tibia, as mdicatea 
in Fig. 376, B, with the attachment of the ligamentum patellffi pr^rveu, 
the saw traveling first down the long axis of the tibia to be ow e 
attachment of the patellar ligament, thence tonsve^ly o«tw"d to 
its anterior surface. The sawed surface of the tibial bone-flap is t 
applied to the transversely sawn femoral condyles, the patellar liga- 
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ment hinging around the anterior end of the bone section. The femoral 
condyles and the tibial bone-flaps may be drilled and sutured with 
kangaroo tendon, as indicated in Fig. 376, or the bony surfaces may 
be held in contact simply by the peripheral suturing of the soft parts. 
The longer anterior flap is now carried backward and sutured to the 
posterior flap by deep and superficial sutures. 

Amputation through Lower Third of Thigh {By Oblique Cir- 
cular Method ). — Owing to greater retraction upon the posterior and 
inner aspects of the thigh, and in order, therefore, that the incision 
may eventually occupy the same height around the entire circumference 
of the limb, the circular incision is placed obliquely, so that it is lowest 
where the muscular retraction is greatest, namely, at the postero- 
internal aspect of the thigh. 

The position is as in the supracondyloid amputation. The land- 
mark is the saw-h'ne. 


B 
A 

Fio. 376 .~S»aiianaji:ff'» Femokotibial Obteoplabtic Amputation ok the Ix>wbr Limb. 

The rectangular portion of the excised tibia, with its attached tendon, is here shown held 
in contact with the sawn femoial condyles by a kangaroo tendon or wire suture passed through 
the drilled bone. (Molded from Ssabanajefl.) 

The highest part of the circular incision is antoro-external, and is 
a little more than half the diameter of the limb (at the saw-line) below 
the bone section. The lowest part of the circular incision is postero- 
internal, and is little less than one diameter of the limb (at the saw-line) 
below the bone-section, the two calculations of covering thus providing 
one and one-half diameters of covering in the aggregate. Such an 
incision is hard to follow unless previously marked (Fig. 378, A). 

The above incision through the skin and fascia is made with two 
strokes of a long knife, the limb being conveniently rotated during 
the manceuver. The skin and fascia are then obliquely retracted a 
short way, parallel with the original incision, and the more superficial 
muscles circularly or slightly obliquely divided. These are further 
retracted and the deeper muscles circularly or slightly obliquely divided 
to, and including, the periosteum, to the bone, cutting each time 
parallel with the skin incision. The skin, muscles, and periosteum are 
freed up to just above the joint-line, and retracted, as in the ordinary. 
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infundibuliform circular amputation, and the bone sawed. The 
femoral, anastomotica magna, descending branches of the external 
circumflex, perforating, and muscular branches will be cut and require 
ligation. The muscles are quilted in two tiers. The skin is sutured so 
as to make an anteroposterior scar. 

Amputation through Lower, Middle, or Upper Third of Thigh 
(By Long Anterior and Short Posterior Flaps ). — ^Two U-shaped flaps 
of skin and muscle are raised, anteriorly and posteriorly, the latter 



Fui. 377 .— Tbanbvusbhb Section thbouoh the Uppbh Third of 
P, Adductor longue; A, gmcilie; B, obtiH»tor f Bartoriue; J, i 

adductor magnue; E, eemiinombranoBus; t , G, if crureus: l/, 

K, superfieiarfemonii artery, vein, and eaphenoua ’ 

extemus; O, gluteUM maximvui, (Crowi-aeotion modified from Braune.) 


being one-fourth the length of the anterior and a little narrower at 
the base. The position and landmarks are as m the last 
The anterior flap is equal, in length, to one and one-hidf 
of the thigh at the saw-line, and, in width, a ® 

the circumference. It begins, on the right sade, 
rotated outward, opposite the saw-line, at about the middle 
aspect, or a fraction behind, passes vertically „ 

the thigh, rounds broadly across the anterior surface, at a distance oeiow 
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the saw-line equal to one and one-hidf diameters, and into the outer 
aspect, and passes vertically upward (the thigh now rotated inward) 
to a corresponding point on the opposite side. The posterior flap begins 
and ends at the upper limits of the anterior flap, rounding across the 



Fio. 378.— Amputations About Triqh and Hip^oint. 

A, Through lower part of thigh, by oblique oirou* 
lar method; B, disarticulation at hip-joint, by anterior 
racket. 


posterior surface at a distance 
below the saw-line equal to a 
half diameter, the surgeon’s 
hand passing beneath the 
thigh. In the above calcu- 
lations extra length is al- 
lowed, because of the extra 
retraction (Fig. 373, C). 

The tissues outlined in 
the anterior flap are now 
picked up by the surgeon’s 
left hand, and, along the line 
of the retracted flap, the mus- 
cles are divided obliquely 
from without inward and 
upward, so beveling the flap 
that its extremity will consist 
of skin and fascia alone. 
The muscle tissue will begin 
to enter into the formation 
of the flap just above the 
extremity, and increase in 
thickness to the bone, into 
contact with which the inci- 
sion will come at about one- 
half to three-quarters of the 
diameter of the femur below 
the saw-line, at which level 
the whole thickness of the 
muscle will be represented. 
The thigh is then elevated, 
and the posterior flap simi- 
larly cut, being obliquely 
beveled from without inward 
and from belowupward, leav- 
ing skm and fascia at the 
lower end of the flap, and 
full thickness of the mu^es 
at the upper end, where 
the bone is reached, the 


same distance below the 


saw-line as in the anterior flap. At the level at which the bone has 
been reached in the upward cutting of the flaps a circular sweep of ^ 
knife around the femur frees the periosteum. The soft parts, including 
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the periosteum, are then freed upward to just above the saw-line 
(which is everywhere easily accomplished, except at the linea aspera 
posteriorly), and the bone sawed. If the flaps have been, made above 
the middle of the thigh, the femoral, profunda, descending branches 



Fia. 370 . — Amtotatxohb Abovt Thigh and at Hip-joint. 

A, Throu* middle of thigh, by eqwl enteiior end ppeterior B. djmrtieutotipn *t hip-iotot 
hy external laokrt method; C, at hip-ioint, j5y long anterior and short posterior Saps. 

of the external circumflex, and the muscular branches will be cut in 
the anterior flap, and branches of the perforating arteries in the pos- 
terior flap. If the flaps have been made below the middle of the thigh, 
the descending branches of the external circumflex and muscular 
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branches will be cut in the anterior flap, and the femoral, anastomotica 
magna, and branches of the perforating in the posterior flap. Suture 
the musculoperiosteal covering over the end of the bone. Quilt the 
muscles of the flaps in at least two tiers, with buried chromic gut sutures. 
The anterior flap will drop over the end of the bone and be sutured to 
the posterior flap. The flaps are well supported by the pressure of the 
dressing, in which a posterior splint has been included, and the limb 
placed upon an inclined plane. 

Disarticulation at Hip-joint (Bij Wyeth’s Method).— Uskv'mg 
controlled hemorrhage by means of rubber tubing wound around the 
thigh at its junction with the pelvis, above two large pins introduced 
in a special manner, a circular incision is made around the thigh, 



Fig. 380. — Manngk of TfffiERTiNG tub Wyeth Pinb. 
The outer pin. 


followed by a vertical external incision, and disarticulation at the 
hip-joint accomplished.- 

The patient lies in the supine position, drawn to the foot of the 
table until the sacrum rests upon the corner, with the hip projecting 
beyond, and kept from slipping from the table by being steadily held. 
The surgeon generally stands upon the outer side of both thighs, 
idthough it is more convenient to be upon the inner side of the left 
limb. An assistant bolds and manipulates the limb projecting over 
the table. Another assistant steadies the pelvis and guards the 
method of hemorrhage control. 

The manner of applying the Wyeth needles is as follows: Two 
steel needles, from 3 to 5 mm. (-^‘to inch) in diameter and 25 cm. 
(10 inches) in length, are inserted and capped with corks (to prevent their 
points from injuring the operator and assistants). The outer nesdle 


SPKCIAL AMPUTATIONS. 


873 


enters the tissues of the outer aspect of the thigh, 6 mm. inch) below 
and just to the inner side of the anterior superior iliac spine, traverses 
the superficial muscles and fascia upon the outer side of the hip, and 



Fiti. H8I. — Manner op Inhkhtino the Wyeth Pins. 

The inner pin. After both pinn have been infieried, the rubber tubinK ih ouplicri nlxive tlirm, rh 
shown in their use at the shoulder-joitit (Fig. 347, p. K28). 


emerges on a level with and about 7.6 cm, (3 inches) external to the 
entrance (Fig. 380). The inner needle enters the tissues of the inner 



Fio. 3R2.— Manner op Using Trendelenburg's Rod fob the Control of Hemorrhage in 
Amputationb near the Hip-joint. 

The rod is tiiruHt through the limb beneath the femoral vessels, which ars then constricted 
Siraune*) band wound in figure-of-ei|^t fashion about the rod. (Cross-section adapted from 

i^pect of the thigh internal to the saphenous opening, and about 
1-3 cm. (} inch) below the crotch, traveraes the adductors, and emer^ 
-•5 cm. (1 inch) below the tuberosity of the ischium (Fig. 381). White 
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rubber tubing about 7 mm. (} inch) in diameter is wound tightly four 
or five times around the thigh above the fixation needles, and clamped. 
This rubber band compresses the common femoral against the rim of the 

- pelvis, anteriorly, and the glu- 



teal, sciatic, and internal pudic 
against the margin of the great 
sacrosciatic notch posteriorly. 

The landmarks are the 
great trochanter and the points 
for the passage for the needles. 

A circular incision is made 
around the thigh, about 15.3 
cm. (6 inches) below the center 
of the anterior aspect of the 
rubber tourniquet. The verti- 
cal incision passes vertically 
down the external aspect of the 
thigh, directly over the great 
trochanter, passing in a straight 
line from the tourniquet to the 
circular incision (Fig. 383, B). 

Tlie circular incision passes 
through the skin and fascia 
alone. These are dissected up 
to the level of the lesser tro- 
chanter, that is, for about 5 cm. 
(2 inches). At this level the 
muscles are circularly divided 
to the bone, on a line with the 
retracted skin and fascia. The 
vertical incision is now made 
from the tourniquet down to 
the circular division, passing 
directly over the great trochan- 
ter. The larger vessels are at 
once tied, the femoral and pro- 
funda. arteries and veins, and 
any other prominent vessel. 
Through the vertical incision, 
which has extended, at one 


Fig. 383 .— Amputations through Thigh and at 
Hip»joint. 

At Thtoagh lower part of thigh by modified 
eiroolar method; B, disarticulation at hip-Joint by 
Wyeth's method. 


sweep, directly through the 
skin, fascia, muscles, and peri- 
osteum to the bone, the soft 
parts are all cleared, as sub- 


periosteally as possible, from the shaft and tuberosities of the femur 
Retract the soft parts and divide the capsular ligament transversely 
over its outer aspect. Manipulate the limb as a levOT, nicking the 
cotyloid ligament to let in air; cut the ligamentum teres and disartieu- 
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late by thrusting the head of the femur upward and outward. If not 
already severed, divide the posterior aspect of the capsule, and any 
retaining structures, and remove the limb. If enucleation be difficult, 
which rarely is the case in this extensive exposure, the margin of the 
acetabulum can be chipped away with a chisel sufficiently to let in air, 
or, if all the vessels be ligated, the tourniquet may be removed carefully 
and slowly and the disarticulation be completed. The remaining 
vessels in the posterior aspect of the wound arc now ligated; these 
are chiefly the branches of the sciatic, obturator, external and internal 
circumflex, and perforating. Having trimmed away all tags of tissue, 
the heavy muscles are to be quiltecl together with especdal care, by 
means of two or three tiers of chromic gut sutures. Drainage is to be 
established. The margins of the wound are to be united in one con- 
tinuous termino-external suture-line. Firm compression is made in 
dressing the wound, and the stump is supported upon a pillow. 

By Anterior Racket Method. — The queue of the racket or oval is 
placed anteriorly, the limbs of the oval encircling the external, internal, 
and posterior surfaces. No tourniquet is used. The femoral is ligated 
during operation, and the remaining vessels as encountered. 

The control of hemorrhage is as follows: utilizing the queue of the 
incision, the common femoral artery and vein are exposed and ligated 
during the progress of the operation. Other vessels are secured as 
exposed. 

The patient is supine, lying at the end of the table, so that the 
pelvis rests upon the edge of the table and the hips project beyond. 
The limb is slightly abducted and rotated outward. The surgeon 
usually stands upon the outer side of both thighs. An assistant holds 
and manipulates the limb. 

The landmarks are the center of Poupart's ligament and the course 
of the femoral artery. 

The queue of the incision begins at the center of Poupart's ligament, 
passes down along the femoral artery for about 7.6 cm. (3 inches), 
thence curves inward and crosses the inner aspect of the thigh, about 
10 cm. (4 inches) below the genitocrural fold, continues^ across the 
posterior aspect of the thigh, crosses the outer side of the limb a short 
distance below, the base of the great trochanter, and then ascends 
upward and inward obliquely across the anterior aspect to join the 
vertical incision about 5 cm. (2 inches) below its commencement at 
Poupart^s ligament (Fig. 378, B). 

This incision passes well through the skin and fascia only, which are 
allowed fully to retract, and is made with several sweeps of the knife, 
while the limb is manipulated as indicated. Through the vertical 
portion of the racket incision the common femoral artery and vein are 
early exposed, and each ligated in two places and sever^ between the 
hgatures. The skin and fascia are fully freed around the entire incision 
without any special dissection. The muscles on the outes side (sar- 
torius, rectus, and tensor vagmss femoris) are divided and the external 
circumflex artery doubly ligate and severed. Passing backward, 
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rotate the thigh inward and cut the insertion of the gluteus maximus. 
Passing forward, rotate the thigh outward and cut the psoas, and 
retract the parts and doubly ligate and divide the internal circum- 
flex artery. Divide the muscles of the internal flap on a level with 
the retracted skin (pectineus, gracilis, and adductors), ligating the 
muscular branches. Adduct and rotate the thigh inward, severing 
the muscles attached to the great trochanter. Adduct and rotate 
the thigh outward, cut the capsule transversely, disarticulate, sever 
the round ligament and the obturator externus tendon, if still undivided. 
The head of the bone is now drawn forward and outward, a long knife 



Fir,. :)84 .~'Thomah' Fohcbph Tourniquet for Controlling Hemorrhage During Operations 
r Upon the Extremities. 

Tlie probe-pointed blade psHsea under the femoral veasela, and the aermted blade over them 
atructurea, the former coming out through a previously out exit, after which the blades are 
clamped. 

is carried behmd the bone, passing downward and backward and 
dividing the remaining part at the posterior aspect on a level with 
the retracted skin (hamstrings, parts of the adductors and sciatic 
nerve), ligating the perforating and muscular branches. The muscles 
are quilted in two or three tiers, after having severed all tags of tissue 
and instituted drainage. The margins of the skin are sutured in a 
sm^e vertical line. The stump is dressed as in the preceding opera- 
tions. 

liiteriiro-abdomiiuil Amputation {By an Internal Flap— Keen’* 
M^hod, Fig. 385). — ^This operation consists in the removal of the entire 
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lower extremity, with part or all of the innominate bone. It is indicated 
in extensive growths in the region of the hip-joint. 

Ihe patient is supine, with the hip-joint projecting over the end 
of the table, during the outlining and making of the internal flap, 
and is then turned toward the opposite duiing the exposure of the 
iliac portion of the wound. The landmarks are the spine of the pubis, 
Poupart’s ligament, the crest of the ilium, and the posterior superior 
iliac spine. 

The iliac incision extends from the spine of the pubis, 2 era. (} inch) 
above and parallel with Poupart's ligament and the crest of the ilium, 
to about the middle of this crest. Subsequently, after ligating the 
internal iliac artery, this incision is continued aroural nearly to the 



A B 

Fio. 385. — Tntekilio-abdom INAL Amputation (Keen's Methou). 

A, Rear view; front view. (Koclier.) 

posterior superior iliac spine. The thigh incision begins just external 
to the middle of Poupart’s ligament, and passes downward to a point 
a little below the middle of the thigh, then horizontally to the median 
line of the thigh posteriorly, and then upward to the posterior end of 
the first incision, i. e., slightly external to the posterior superior iliac 
spine. 

Having divided the skin, fascia, and muscles in the incision extending 
from the pubic spine, just above and parallel with Poupart's ligament 
and the iliac crest to about its middle, the internal iliac artery is exposed 
Rxtraperitoneally. The long internal flap is now made. The incision 
is made just external to the center of Poupart's ligament, in order to 
preserve the femoral vessels, passing thence vertically down the 
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anterior aspect of the thigh to just below its middle, where it rounds 
horizontally outward to the midposterior aspect, and thence vertically 
upward to the posterior end of the horizontal incision. Having outlined 
this incision through skin and fascia, it is deepened to the bone. At 
the transversely divided muscles the femoral vessels are tied. This 
long internal flap, when turned upward and outward, will form the outer 
wall of the pelvis, and will be the barrier against intestinal hernia. 
The division of the muscles inserted into the crest of the ilium is now 
accomplished, having continued the first part of the iliac incision nearly 
to the posterior superior iliac spine, all the muscles of the anterior, 
lateral, and posterior abdominal wall lying beneath this incision arc 
divided down to the peritoneum, the opening of which is carefully 
avoided. The psoas magnus and iliacus intemus are now separated 
from the internal aspect of the ilium, to be left with the trunk. If 
they be involved in the tumor mass, they are to be sacrificed. Next 
follows the removal of the bone; the horizontal and descending rami of 
the pubic bone are divided, instead of disarticulated, at the symphysis. 
The attachment of the rectus abdominis is thus preserved, and con- 


sequently the firmness of support 
given thereby to the abdominal 
viscera. In order to preserve the 
sexual power in the male, the de- 
scending pubic ramus should be 
divided below the attachment of the 
corpus cavernosum of that side. 
Much time, difliculty, and hemor- 
rhage are also saved in thus avoid- 
ing the separation of the rectus muscle 
and corpus cavernosum and the dis- 
articulation at the symphysis pubis. 
The ilium is now divided poste- 
riorly by sawing from the crest of 
the ilium, near its junction with 
the sacrum, down into the sacro- 

Fio. 386 .-iNT»B.Mo.ABDo«n.AL AMPOTii- sciatic notch. This avoids the diffi- 
TioN. (Keen’s Case.) cultv and time involved in disarticu- 

moved. lating at the sacro-uiac joint. If in- 

dicated, however, the small remaining 
portion of the ilium thus left attached could be removed after the 
removal of the main portion of bone, and this would also apply to the 
small part of the pubic bone at first left. The entire lower extremity 
now comes away with the detached ilium and the disarticulated hip- 
joint. The long internal flap is now brought upward and sutured so 
that its transversely divided end is applied to the iliac incision. The 
muscles are approximated by buried sutures, drainage is provided, and 
the skin closed. Pressure is made in the voluminous dressings, so as 
to sustain the weight of the heavy flap and exercise a supporting influ- 
ence agunst the weakened pelvic wall. 


CHAPTER LXXVI. 

PLASTIC <» RECONSTRUCTIVE SURGERY. 

By John B. Roberts, 

PHILADELPHIA. 


HISTORY. 

The reconstruction of the contour of the body for cosmetic reasons, 
the readjustment of anomalous relations of parts for utilitarian 
purposes, the substitution of one tissue or organ for another to gain 
physiologic efficiency and the temporary removal or displacement of 
structures to permit operative attack on underlying structures con- 
stitute a special branch of surgical endeavor. To this department 
of operative surgery the term plastic has been applied. It is often 
equally well called reconstructive or reparative surgery. 

In India the surgical restoration of the external nose, often cut 
off in that country as a punishment for supposed marital infidelity, 
luis been a frequent operation for many centuries. Tagliacozzi, of 
Bologna, published in 1597 an illustrated volume describing his 
operative methods and successes in nasal and other reconstructions. 
For nearly two centuries this important surgical contribution of the 
Italian surgeon made little impression on the surgical world. 

The revival of plastic surgery began in the middle of the eighteenth 
century, when llosenstein and also Dubois and Boyer discussed the 
possibility of replacing lost structures by reparative operations. 
These writers proved that reconstructive surgery was possible, and 
secured historic evidence of noses and lips having been made from 
the tissues of forehead, arm, and buttock by Indian and Italian 
surgeons of previous centuries. Butler, in “ Hudibras, ” and Dr. John 
Perriar, in '^Illustrations of Sterne with other Essays and Verses," 
published in 1798, called attention to the original observations of 
Tagliacozzi. About this time John Hunter's experimental work on 
grafting tissues was done. Just before Ferriar’s forcible allusions to 
the brachial method of rhinoplasty there appeared in the Gentleman's 
Magazine for 1794 and in Pennant's Views of Hindustan accounts of 
the Indian method of making noses from the skin of the forehead. 
The Madras Gazette made similar statements at about the same date. 

* It is a pleasure to acknowledge the assistance that I have had from Dr. Alex- 
ander R. C^ig, Assistant Surgeon to the Methodist Hospital, in collecting material 
lor this chaptw. 
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These non-medical publications and the successful rhinoplasties 
of Lucas and Carpue in England, about 1816, and the work of G. Oraefe, 
in Germany, finally convinced the surgical profession that success 
could be obtained. Balfour and Zeis showed that completely severed 
fingers and other portions of the human body could be reapplied to 
their original places and become reunited. In 1823 Biinger, of 
Marburg, repaired a nose with the tissues of the thigh. Hoffacker 
described, in 1828, instances in which portions of the face cut off in 
duels at Heidelberg had grown fast again after restitution to the 
original site. A little later Warren, of Boston, successfully trans- 
planted small pieces of skin cut entirely free from the surrounding 
skin. 

Toward the middle of the nineteenth century the interest in 
reparative surgery became very great. In Europe Dieffenbach, 
Graefe, Blandin, Roux, Serre, Jobert, and Zeis were its chief exponents; 
while in America its claims to consideration were urged by Warren, 
Miitter, and Pancoast, and later by Post, Buck, Andrews, and Prince. 
The terms autoplasty and anaplasty were suggested for this branch of 
operative surgery, but plastic surgery was finally quite commonly 
accepted. 

In 1867 Szymanowski, of Russia, made an elaborate and successful 
attempt to systematize the principles upon which the various deformi- 
ties of the contour of the human body could be remodeled by plastic 
operations. 

Epidermic or “skin” grafting, proposed by R6verdin in 1871, the 
successful transplantation' of severed pieces of skin, suggested by 
Wolfe and Krause, the use of skin shavings by Thiersch, the osteo- 
plastic operations of Ollier and Lexer, and the success of Murphy, 
Payr, Hoepfner, Carrel, Garr5, and Guthrie in arterial suture and 
visceral transplantation, were further developments that widened the 
field of reparative and substitutive surgery. The aseptic healing of 
wounds, made usually possible by Lister’s investigations, is the 
basis of this department of surgery. Thus were established as legiti- 
mate operative procedures tendon transplantation, muscle suture, 
nerve-grafting, arteriqrrhaphy, arterial substitution, thyroid grafting, 
intestinal anastomosis, and osteoplastic resection and reconstruction. 
The transplantation of internal organs, blocks of varied tissues, and 
even of whole limbs, seems a possibility of human surgery. 

The implantation of aseptic foreign bodies into the tissues with 
the purpose of leaving them there permanently was the next step 
in plastic surgery. Glass or gold globes introduced into the sclerotic 
coat as a substitute for the vitreous humor enable the ophthalmolo- 
gist to maintain the shape of an eviscerated eyeball; metal or celluloid 
may be embedded to support parts or change the contour of the 
overlying skin; wire filagree or buried metal sutures may prevent the 
occurrence of hernia; celluloid masses may represent testicles, and 
rubber or other tissue is used to prevent adhesions of contiguous 
structures. 
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This “implantation therapy'* is also the basis of Gersuny's idea 
of introducing melted, and therefore fluid, paraffin under the skin, by 
means of a hypodermic needle and syringe, and molding it into the 
desired shape before it hardens by cooling. This is a favorite treat- 
ment for remodeling “saddle" noses. It has been used to prevent 
inguinal hernia by making what might be called a “buried truss" 
in front of the internal inguinal ring. 

GENERAL PRINCIPLES. 

The surgeon resorts to plastic surgery to correct, for cosmetic or 
functional reasons, or both, congenital malformations and acquired 
deformities. Plastic surgery is also available when it becomes desir- 
able to substitute, for physiologic reasons, one organ for another or 
to throw one organ out of active service. The rectum, for instance, 
may be made to receive the urine from the ureters in exstrophy of the 
bladder; or the stomach may be united to the jejunum, and, by this 
short circuit, the duodenum be excluded more or less completely 
from receiving the intestinal current. The spinal accessory or hypo- 
glossal nerve may be united with the distal portion of a paralyzed 
facial nerve, to give motion to the muscular distribution of the latter. 
The femoral artery may be united to the femoral vein, so as to send 
arterial blood to a foot the subject of anemic gangrene, due to occlu- 
sion of the arterial branches of the femoral artery. The thyroid 
gland of a sheep may be transplanted into the body of a patient suffer- 
ing from deficiency of the thyroid internal secretion; an ovary or 
kidney may be transplanted from the abdoriion of one animal into that 
of another. These are good illustrations of the possibilities of sub- 
stitutive plastic surgery. Of a similar character is the introduction 
of flaps of fascia between the ends of bones to cause the formation of 
new joints. 

Plastic operations are often employed as a primary step to permit 
operative attack on deep structures or internal organs. A portion of 
the cranium with the overlying skin and muscle may be temporarily 
lifted, like a trap-door, on a hinge of soft tissues, in order to give 
access to the Gasserian ganglion; the costal cartilages may be divided 
in a similar manner and raised, in order to permit suture of the heart 
or to reach the lower part of the esophagus for surgical procedures 
thereon, and subsequently be replaced. These may be called 
“strategic" plastic operations, in contradistinction to those done for 
substitutive, functional, or cosmetic purposes. 

As has been seen in the preceding paragraphs, plastic surgery h^ 
come gradually to include all surgical operations designed to modify 
the form of living structures. The alteration may be one of retrench- 
ment or increase in bulk, or of change in mere relationship to sur- 
rounding parts. Originally living tissues only were employed in the 
constructive process. Now, however, inorganic materials, which 
become encysted in the tissues, are at times inserted to modify the 
shape or rigidity of structures. 

VOL. V— 66 
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The suffix “plasty” is added to the root of the Greek name of the 
organ repaired, in order to express the character of operation. Thus 
one speaks of a complete or partial rhmoplasty when the external 
nose is to be reconstructed; of cheiloplasty, meloplasty, or thoraco- 
plasty when it is lip, cheek, or chest that is operated upon. If the 
tissues used in the plastic work are those of the patient himself, the 
operation is an autoplastic one; but if the grafts are taken from another 
human being or a lower animal, heteroplastic is the descriptive adjec- 
tive used. Heteroplastic would seem to be a good term to employ 
also when inorganic materials are introduced, as in the so-called 
“implantation therapy.” 

Operators at first confined their attempts almost exclusively to 
tlie skin and subcutaneous cellular tissue. It only gradually became 
known that mucous membrane, fascia, muscle, bone, nerves, and even 
the internal organs could continue to live after being placed in new 
situations in the economy; and that even removal from one animal, 
human or brute, to another did not necessarily lead to death of the 
graft. It may be true that some structures, like muscle, become 
converted into fibrous tissue; but, on the other hand, nerves that have 
been cut or damaged regenerate, periosteum develops new bone, 
bone-grafts live and attain osseous union with neighboring bones, 
and large arteries and veins may not only be successfully sutured 
after complete division, but may actually be repaired by patchmg 
with a piece of another vascular canal. Carrel has exsected a piece 
of the carotid of a dog and successfully inserted it into the aorta of a 
cat, even after keeping it in cold storage at 0° to 1 ” C. for twenty days. 

Since wounds of the lungs, liver, kidney, and other viscera heal, 
it seems not improbable that surgeons of the future may successfully 
graft into damaged viscera portions of healthy organs from other 
individuals, and that these may supplement the functions of the 
disordered viscus. 

Christiani and Kummer report an instance in which, after excision 
of most of a goitrous thyroid gland, it was feared that not enough of 
the hypertrophied gland was left to prevent cachexia strumipriva. 
They, therefore, promptly planted small portions of the subject’s 
thyroid gland, which were healthy, beneath the right acromion. The 
grafts not only lived, but increased in size. At the end of three 
years microscopic examination of one of these transplanted and 
growing thyroid organs revealed that it consisted of normal thyroid 
parenchyma. In other words, the healthy thyroid graft, taken from 
the goiter, produced a new thyroid gland in a novel situation. The 
value of such plastic operations may be inestimable in treating 
hypothyroidism. 

A child with a cretin’s brain, who had been treated for more than 
three years with tablets of thyroid gland, was recently treated by 
Payr, who implanted a graft of its mother’s thyroid gland into its 
spleen. ,,.The mental condition of the patient, it is said, was improved. 
■Kocher has advocated implanting pieces of thyroid gland and the 
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parathyroids into cavities previously prepared in the spongy portion 
of the tibia below the epiphyseal liae. This region ho calls the mota- 
physis. 

Attempts have been made by Jaboulay to transplant the kidney 
of a pig and of a goat into the tissues at the bend of tlie elbow of the 
human subject. Two women with renal disease were thus treated. 
The transplanted kidney had its artery and vein united with the 
brachial artery and median cephalic vein respectively. The organs 
became gangrenous and had to be removed, but there was apparently 
evidence that some urine was secreted after the transplantation. 
Carrel has shown that an animal may be subjected to a double nephrec- 
tomy and have the kidneys of another animal of the same kind trans- 
planted into its abdomen and live normally for a few weeks. Supra- 
renal bodies, parathyroid glands, and the spleen may be successfully 
transplanted. Knaucr and Morris and Guthrie have proved the 
possibility of ovarian transplantation. In chickens ovarian trans- 
plantation has been followed by the production of eggs which wci'e 
hatched. Similar results have been reported in the higher animals. 

The vessels of a dog’s heart, just removed from the animal, have 
been anastomosed by Carrel with the vessels in the neck of another 
dog, and the heart has resumed pulsation. Plastic surgery to effect 
the substitution of uninjured blood-vessels for damaged ones may 
be a means, in the near future, of saving limbs that would otherwise 
be amputated. It has been proved that veins may be used ns arteries 
by anastomosing them with the cardiac portion of an arterial trunk. 
Carrel has grafted the amputated leg of a dog upon the stump left 
by cutting off thei leg of another dog. The dog lived twenty-two days 
and died then of bronchopneumonia. The vessels were anastomosed 
perfectly, the skin was healed, and the bones were united by fibrous 
callus. It was too early to expect restoration of motion or sensation. 

The same experimenter has successfully transplanted in a single 
mass the auricle, the external auditory canal, part of the scalp, the 
lymph-nodes in the neck, and parts of the common carotid artery, 
and the external jugular vein from one dog to. another. The dog died 
after three weeks of pyemia, due to unsuccessful asepsis, but the 
anatomic region supplied by the carotid artery which was transplanted 
was united to the surrounding structures. 

Krause recently attached the great toe of a man to the stump of 
his amputated thumb. The operation consisted in first resecting the 
head of the metatarsal bone of the toe. The back of the stump of 
the thumb was then made raw and applied to the base of the toe. The 
tendons and skin were carefully sutured, and the foot and hand held 
together for seventeen days with gypsum bandages. Then the plan- 
tar and palmar structures were divided and appropriately sutured 
after the toe had been disarticulated from the foot. The cicatricial 
tissue at the end of the thumb-stump was not made raw because it 
was desired to have also a joint there. The cosmetic effect was good, 
though the new thumb had little motion at the time of the report. 



884 


PLASTIC OR RECONSTRUCTIVE SURGERY. 


Lexer has successfully treated bony ankylosis of joints by resecting 
and inserting the joints taken from amputated limbs of other patients. 
Nails, wire, and bone pegs were used for fixation. 

The physiologic basis of all plastic operations is the process of 
growth and repair in living tissues. This is supplemented by the 
ability of groups of animal cells to maintain their vitality for a short 
time, even when separated from all direct connection with the heart 
and the central nervous system. It is important, in the latter case, 
that no deleterious agents, such as bacteria or chemic irritants, 
deprive the protoplasm of the cells of its living power. Carrel has 
maintained the latent life in aseptic tissues for days, by keeping 
grafts in cold storage. Guthrie has written on the physiologic aspects 
of the surgery of blood-vessels. 

When reconstructive operations are attempted by means of pedun- 
culated, hinged, or displaced flaps, the blood and lymph circulation 
and the innervation to the transferred portion of tissue are maintained 
by the vessels and nerves in the pedicle or uncut portion. Its edges 
and surfaces then become united to the surrounding structures by 
exactly the same physiologic processes of outgrowth of vessels and 
nerves as are operative when an incised wound of skin, muscle, vessel, 
nerve, or bone heals. If the wound is aseptic, immediate or primary 
union is quickly effected by cellular and vascular activity. If it is 
contaminated with pyogenic micro-organisms, nature is compelled 
to combat the infective invasion by leukocytosis and the other 
general and the local processes, which constitute the complexus denom- 
inated inflammation. Under these circumstances the plastic opera- 
tion may be jeopardized, delayed, or caused to fail utterly, by reason 
of suppuration, cicatricial contraction, or sloughing of the trans- 
ferred flap. 

It is easy to understand that flaps completely separated from 
their blood and nerve supply, before being transplanted to the new 
position, have a much less degree of individual vitality. They must 
depend for their nutritive supply upon the fluids and the metabolic 
energy within themselves until they have made a new physiologic 
connection with the Cells in the structures, to which the operator has 
applied them. Hence it is that such plastic procedures require for 
success the most perfect asepsis and the most painstaking technic. 
Until a very recent time the success of plastic operations performed 
with skin, bone, or nerve completely detached from their original 
surroundings was denied. It has now, however, been demonstrated 
that there is little difficulty in such transplantations of animal 
tissues, provided that micro-organisms and chemical irritants be kept 
from the flap and the wound into which it is to be grafted. The 
reSstablishment of vascular circulation by anastomosis of blood-vess^ 
is imperative in transplanting large masses, but is not necessary in 
operations of less magnitude. Surgical grafting is more difficult 
than budding or grafting in aboriculture, but the methods and pro- 
cesses are physiologically equivalent. 
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The size, vitality, and nutritive condition of the grafts have much 
influence on the result of such operations. Asepsis must be almost 
ideal, and the technical manipulation of the parts very skilful. Tendon- 
grafting is rarely successful, because the nutrition of tendon is not 
very great, and the grafts tend to become connective tissue. In 
muscle-grafting success is difiicult of attainment unless the blood and 
nerve supply is carefully preserved. Bone-grafts, however, unite 
readily. Implantation of teeth was one of the earliest operations in 
this field to meet with success. Garr6, Carrel, and Guthrie have 
united arteries and veins without interfering with the circulation by 
causing thrombosis. Carrel has found that a graft of blood-vessel 
is converted into a tube chiefly of connective tissue, but it is living 
tissue, and may carry on its function as a blood canal for at least a 
year and a half. He has patched blood-vessels successfully with 
peritoneum. 

In this connection it is interesting to speculate on the reason that 
organs do not regenerate in man and other animals of the higher 
vertebrate series. Blood-vessels, nerves, and skin regenerate in 
man, and so do bone and muscle to a certain extent, though pcrliaps 
less perfectly and less promptly than the other tissues just iiientioiied. 
It is due to this regenerative power that wounds heal and plastic 
surgery is possible. There apparently exists some connection between 
this regenerative process and growth; and yet man cannot ropro<luce 
his eye or a whole limb as do some of the lower vertebrates. 

In fish tlie tail regenerates, and in some species this occurs even 
if the whole organ with the end of the spinal column is cut off. Fins 
will grow again if amputated. The tails and legs of salamanders 
and newts may be cut off repeatedly and will repeatedly reproduce 
themselves. Even the complicated organ of vision, the eye, will 
regenerate in the salamander if a piece of the optic bull) is left attached 
to the nerve. Tornier has produced an extra leg by cutting the skin, 
muscles, and bone near the attachment of the leg to the trunk. After 
regeneration of a cut-off leg has begun the new limb may be induced 
to develop two feet by constricting it longitudinally. In tadpoles 
similar changes may bo produced by such injuries, so that four or six 
hind legs may be developed instead of the usual two. W hen a tad- 
pole changes into a frog, the regenerative power of the hind legs is 
lost. Morgan, however, says that he has occasionally seen an adult 
frog regenerate imperfectly a foreleg. Lizards can reproduce the 
tail, but not the legs. In birds only the beak is reproduced if broken 
off; while in mammals no such regenerative power is found. 

Morgan believes that the absence of this regeneration of lost organs 
iti man is not due to the complexity of the structures, nor to a want 
of a process resulting from natural selection in vertebrates subjected 
to frequent injuries. He thinks it probable that man does not regen- 
erate an arm or a leg, as do crabs and some of the vertebrates, because 
the tissues of man regenerate with different degrees of rapidity. The 
bones, which are most important elements in such reproduction, 
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regenerate very slowly, but blood-vessels, nerves, muscles, and skin 
reproduce themselves more rapidly. There is no tendency to syn- 
chronous regeneration of the necessary tissues. Hence a new organ 
cannot be replaced if it be once entirely lost. If a method of hurrying 
up the time of development of new bone is ever, found, the regenera- 
tion of a limb in mammals may be near attainment, according to this 
author. Other causes of the loss of regenerative power in the higher 
animals may, of course, exist. 

Successful plastic operations demand aseptic wounds, sound 
tissues, and good general health of the patient. Syphilis and lupus 
must be cured and new-growths removed before plastic restoi’ation 
is attempte<i. Ingenuity on the part of the surgeon and patience on 
the part of the subject are prime factors in obtaining satisfactory 
results. Often only a bulky resemblance of the part to be recon- 
structed is obtained at the primary operation. Subsequent improve- 
ment is gained by a series of modifying procedures, which may require 
months for their accomplishment. The time allowed to elapSe between 
the successive operations must be sufficient to permit all inflammatory 
reaction to subside, exudates to be absorbed, and cicatricial contrac- 
tion to spend its force, in order that the surgeon may estimate what 
degree of modification is still ne(;essary. It is important that too 
much should not be attempted at any one time, because death may 
occur from shock or bleeding. , 

The scars which necessarily result from plastic work should l)e 
placed in inconspicuous places, as in the normal wrinkles of the skin 
or parallel to them, in shadows, or in positions usually covered by the 
clothing or the hair. The elasticity of the skin permits such retraction 
that the incision may be placed at a point of election at a distance 
from the deep structures to be uncovered. Curved incisions make 
less conspicuous scars than straight cuts. Oblique division of the 
skin permits exact apposition and little noticeable scarring. The 
cuts should be made with sharp knives, and the sutures should be as 
fine as the estimated strain on them will permit. The material of the 
sutures is of little importance if it be aseptic and sufficiently flexible 
to permit accurate adjustment of tissues. The subcuticular, or 
intracutaneous, suture may at times be useful. Pins should seldom, 
if ever, be used. The edges of wounds may be made to pout or to 
sink in by properly inserted sutures. Tension on the skin may be 
distributed by judicious suturing. It should be remembered that 
scars made in childhood increase with growth of the patient to adult 
life. Scars of wounds, although healed by first intention, may increase 
considerably in width subsequent to union, if considerable tension 
was required to draw the wound-edges together. The wound does 
not reopen, but the scar stretches. If cavities, such as the mouth, 
vagina, or nose, are involved in the operation, it is wise to place one 
set of sutures on the mucous surface of the wound and another on the 
cutaneous surface; and thus prevent infecting ^retions from reaching 
the suture tracks on the skin side, unless it be desirable to allow the 
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mucous side of the wound to gape for drainage. If the tension put 
on the lips of a wound by the sutures or by cicatricial contraction 
tends to drag structures, such as the eyelid, out of position, the sutures 
must be changed, so that the closure of the wound will cause no drag- 
ging. Sutures crossing a wound obliquely may be used to distribute 
tension to various areas of skin. 

The chief causes of failure in well-planned plastic work are suppura- 
tion and gangrene. As living tissues axe the basis of this department 
of surgical art, every effort must be made to maintain their cellular 
vitality. Tight sutures do harm in this regard. Reparations are 
made largely by the use of flaps or grafts of soft tissues. A “flap” 
has an attachment to the adjacent tissues and receives its blood and 
nerve supply therefrom. A “graft” or “free flap” is entirely sepa- 
rated from its surroundings, and is much more likely to die than a flap 
which has a pedicle. It is often necessary that the tissue used to 
close a gap should be of the same structure and of the same texture 
and color as the part to be repaired. This point may determine 
whether a graft or an attached flap is to be employed. Grafts may be 
required because it may be impossible to obtain a flap with a pedicle. 
Grafts are seldom employed except to close small gaps, because of 
the greater likelihood of necrosis occurring in them. An exception 
is in skin-grafting, where many shavings or fragments of skin of 
moderate size are laid upon ulcers or wounds. If asepsis is obtained 
and maintained, these shavings of skin retain their vitality. Cuta- 
neous flaps with pedicles will not be apt to retain vitality unless 
made of healthy skin with a considerable amount of subcutaneous 
cellular tissue, and with a pedicle broad enough to carry a satisfactory 
blood and nerve supply. Grafts, however, should be free from 
cellular tissue, and are probably better when their larger vessels are 
free from blood. Scar tissue is not vascular enough to be used for 
flaps, and scar tissue in the pedicle or at the edge of flaps is a seriouB 
detriment. Sloughing of such flaps is almost certain. For a like 
reason a flap should not be expected to All a gap in cicatricial skin, 
because the surrounding tissue is not vascular enough to supply 
sufficient blood to cause union between the 'flap and the margins of 
the gap, and thus prevent sloughing of the flap. It is better to trim 
away the cicatricial fibrous tissue and interpolate a larger flap, which 
then becomes rapidly adherent to, and vascularized by, its sur- 
roundings, which send vascular and nervous outshoots into it. 

The part to which the flap is to be applied should be vivified by 
paring away skin, mucous membrane, or cicatricial tissue. The gap 
will become larger than might be supposed because its edges retract. 
The flap itself, if a cutaneous one, will shrink about one-third of its 
area. It should, therefore, be made one-third larger than the space 
to be covered. The flap should not be cut until the space to be 
repaired has been made raw, and the bleeding from its vessels arrerted. 
The pedicle should contain the chief vessels and nerves, if possible, 
arfd should not be tightly stretched or sharply twisted, lest gangrene 
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follow the pressure thus caused on the arteries and veins. The con- 
tact of the flap with the underlying raw surface and the edges should 
be close, so that new capillary loops may rapidly develop between 
the two portions of living tissue. Such contact is secured by equable 
pressure of the dressing aiding the sutures. The edges of the flap 
may be beveled to make a wider surface of contact. It is well to have 
the flaps emptied of blood, since blood remaining in the vessels is 
liable to clot and prevent the early resumption of circulation. This 
is the reason for the well-known fact that a pale, anemic flap is less 
likely to slough than a congested one. In the former it takes but a 
few hours for blood flow to be re^tablished in the vessels. As few 
moments as possible, should elapse between the cutting of a flap or 
graft and its adaptation to its new position. If any delay occur, the 
flap or graft should be kept heated to about 105 ** F. This may be 
accomplished by wrapping it in gauze soaked in worm sterile salt 
solution, or immersing it in such a solution. The experiments of 
Carrel with grafts kept in cold storage seem to negative this opinion. 
After the new tissue has been placed in position, it should bo covered 
with sterile rubber tissue or oiled silk and firmly dressed with sterile 
gauze. A dry dressing is usually better than moist. Moderate heat 
may bo maintained with advantage for a few hours by applying hot- 
watcr bags outside of the dressing. If a flap free from hair cannot be 
obtained, the hair-follicles may be destroyed by electrolysis or the 
x-ray after it has united. Hairy flaps are needed in constructing 
eyebrows. 

If no evidence of necrosis is seen in four days, there is not much 
likelihood of its occurrence. If the flap becomes gray and pulpy, 
moist gangrene is present, and the dying tissues should be cut away 
or sterilized. If this be not done, the whole field of operation may 
become infected, because this form of gangrene in plastic surgery 
usually means bacterial contamination of the wound. A flap con- 
gested from venous engorgement may be saved by punctures, to drain 
out the blood, before gangrene has started. A dry and black con- 
dition of the transferred tissue means that anemic gangrene has taken 
place from insufficient arterial supply. This process does not spread 
beyond the part immediately affected. The black, mummified 
tissue should not be hastily removed, for often the process is very 
limited. It may only involve part of the thickness, or the mere edges 
or end of the flap. The operation may not be much imperiled by its 
local occurrence. The application of dry heat outside of the dressing 
may dilate capillaries and lessen the extent of anemic gangrene. 

Sensation returns slowly to the transferred tissue. For a time 
it feels numb and cold. The patient often feels in it the sensations 
belonging to it when in its original site. 
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METHODS. 

The constructive material is applied to either a fresh wound or a 
granulating surface. In the latter case the surface is generally 
scraped or in some way made raw, to hasten the development of a 
bond of capillary loops between the applied surfaces. The methods 



A B 

Fig. 387. — Opekatiow tor Dhprerkkij Sc.^k. 

A illustmteH linoH of mciniun around flepresiiied Hear, and knife Heparatinis nkin from undor- 
lyiiiK tiflfiiue. B, cdRee sutured after bcinis drawn to middle line over dcpressi'cl tisHUCH which have 
been made raw by ecrapinK. 

may be classed under four heads; (1) Displacement; (2) hiterpolation; 
(3) retrenchment; (4) implantation. 

Displacement is attained by simply stretching the tissues and 
approximating the edges, or by detaching them from the underlying 



fascia and muscles and then sliding them into a new position. The 
undermining or undercutting needed may be quite extensive. The 
degree of sliding and transference of tension in this method may be 
increased by relaxation incisions parallel to the original incisions. 
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Interpolation consists in borrowing tissue and inserting it into a 
gap to be filled. The borrowed portion may be taken from an adja- 
cent region or a distant part of the patient, or from another animal, 
human or brute. Under certain circumstances the tissue to be 
transferred or transplanted may be obtained from a body just dead 
or from a limb just amputated from a living patient. 

The interpolated tissue or flap may depend for vitality upon a 
pedicle connecting it with the general circulation and innervation 
of the donor. This pedicle may connect it with surrounding tissues, 
or with a limb, which is held by bandages near the region to be repaired 
by the flap. Sometimes the flap is cut in the shape of a bridge and 



Fio. 389. — A Pbduncdlatbd Flap. 

Skin-ffrafting and flap from back tacked to cranium. The tacloi liad been removed, because 
of adhesion of flap, before photograph wan taken. Scalp torn oil by machinery some six months 
previously. 

has two pedicles. Instead of a pediculated flap, a “free" flap or 
“graft,” which is entirely separated from the donor, may be trans- 
planted. Occasionally it is necessary to use a double transfer. 
Id this method a flap is first transferred to the hand from the abdomen 
of leg, for example. After it has grown fast to the hand, it is cut 
loose from the abdomen or leg and sutured to the face, by bandaging 
the band and arm close to the head. When the end of the flap has 
grown fast to the face, its attachment to the band is severed. The 
hand is thus used as a medium of transportation to avoid irksome 
or impracticable restraint when obtaining a pediculated flap from a 
distant part of the patient’s body. 

The pediculated flap method has a great range of applicability. 
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Fio. 391.-TOIIOE os Chm* Rbmovso asb Gap Fimj® with Flap phoh Sboolpbh. CBeatwn.) 


Flaps may be made of various shapes and ^ 

employed in a single operation. They may be rotated 

position, everted or inverted so as to place the raw surface where it 




892 


PLASTIC OB BECON8TBUCT1VE SURGERY. 


is desired, superimposed one upon another, thrust through a button- 
hole incision in the skin, stitched into a tubular shape, doubled upon 
themselves, and made to migrate from place to place by successive 
plastic procedures. It is only necessary to see that these manipula- 
tions do not constrict the vessels in the pedicle and cause gangrene. 
Sometimes a flap with a broad base may be split into two or more 
flnger-like prolongations. If it be of advantage, a flap may be split 
parallel to its surface, and the superficial portion used as a graft to 
cover a raw surface elsewhere, while the deeper layers of the skin fill 






. ^.4 




Fig. 302. — A Ton Fabtgnbu to Hand and tiium Tuanbplantbd to Nobb in a RniNOFiiAsno 

Operation. (Kausch.) 

the gap needing repair. In rare instances the flap is made and sur- 
rounded for a few days with aseptic rubber tissue and gauze, to 
prevent readhesion to its bed; it is transferred to the new site only 
after it has become thickened by inflammatory processes. Such 
secondary flap operations are not often used at the present time. 
The degree of rotation and twisting of the pedicle permissible may 
be increased by making the sides of the flap curved and prolonging 
the incision on one side. The twist should then be made from the 
long edge. 
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Transplanting free flaps or grafts is a valuable method of interpo- 
lation that has recently come much into vogue. It is especially used 
in covering with skin-grafts raw surfaces left after operations or 
granulating ulcers the result of sloughing subsequent to burns. The 



Fia. SOS.—HoTATBn Flap phom Chebk to Rbpaiu Ala op Nohe. 


grafts are usually taken from the abdomen or limbs, and, therefore, 
the scarring caused by cutting the grafts is hidden by the clothing. 
Bone-grafts for closing trephine holes in the cranium, omental grafts 
for patching the holloAv abdominal organs, and tubular grafts to 



Fio. 394.— A Twisted Flap. 


reconstruct the urethra are illustrations of this method. Nerves 
ftnd blood-vessels are repaired by such a grafting process. The 
^aft is sometimes stitched into its new position; at other times 
it is laid in position and adheres by plastic exudation. Such 


894 


PLASTIC OR RECONSTRUCTIVE SURGERY. 


grafts may be cut from another Individual, who should be free 
from any disease. Grafts from the lower animals are occasionally 
used. Nerve-grafts, vascular grafts, urethral grafts, glandular grafts, 
and bone-grafts are thus obtained. Dupraz has used successfully, 
it is stated, skin-grafts taken from an amputated leg nine hours after 



Pkj. 395. — Superimposed Ft«aps. 


operation. Skin from recent cadavers has been used. Many hours 
may elapse without interfering with successful grafting from cadavers, 
if the dead body is kept cooled to the freezing-point. Lexer has used 
pieces of bone from the epiphysis of the knee of amputated legs for 



closing openings in the skull. He has recently been successful in 
transplanting whole joints and even half joints, from the same source, 
into patients who have lost by operation the articular ends of the long 
bones. Bone-grafts may be similarly used to raise sunken places 
in the face, to complete defects in long bones and the mandible, snd 
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to cure false joints. Paralytic joints may be stiffened by pegging, 
and other operations on the skeleton be done by utilizing free bone- 
grafts. 

Retrenchment is used in plastic surgery to diminish size, to remove 
superfluous material, and to cause cicatricial contraction. Its object 
may be to alter the relative proportion of pai'ts for cosmetic or mechan- 
ical reasons. 



The insertion of aseptic inorganic 
materials into the tissues with the 
intention of having them become 
permanently encysted is a recent de- 
velopment of surgery. Enthesis has ^ 
been proposed as a name for this 
implantation procedure. 

Metal plates, wire, screws, nails, 
celluloid, rubber tissue, and par- 
affin are the substances usually em- K,n. sqt.-split Flap. 

ployed. Paraffin is frequently used 

in a hot fluid condition. After it has been injected into the sub- 
cutaneous structures it cools, hardens, and maintains the shape 
given to it while warm by pressure of the fingers. Its chief use is in 
changing the contour of sunken noses. Embolism of the central 
artery of the retina, with consequent blindness, has occasionally 
followed the hypodermic use of hot paraffin. Hence some operators 
now use it in the cold state. It may be mixed with rubber. The 
technic of paraffin prosthesis is described in the chapter on Diseases 



Flo. 398 .— Flap with Cdbtbo Maboiws. 


of the Nose. Solid foreign bodies employed by enthesis are intro- 
duce through appropriate incisions. 

Plastic reconstructions often demand a combination of osteo- 
plasty, tenoplasty, angeiopla^y, and neuropl^y, as well as dermar 
toplasty or skin-grafting. Delicacy of manipulation, asepsis, the 
use of normal salt solution instead of antiseptic solutions, and artistic 
ingenuity will often give success that astonishes even the operator 
himself. 
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Sm-CRAFTINGt mucous mEMBRANB GRAFTING. 

Plastic operations involving tendons and muscles, nerves, bones, 
blood-vessels, and the omentum and other viscera are described in 
the appropriate chapters. 

Skin-grafting, that is, the interpolation of pieces of skin without 
a pedicle, is performed in three ways: the ^verdin method, the 
Thiersch method, and the Wolfe or Krause method. In the first, 
very small particles of the epidermis with the underlying upper layer 
of the derm are transplanted; in the second, long strips or shavings 
of the same material are used; in the third, pieces of the entire thick- 
ness of the skin, several square inches in size, are transplanted upon 
the raw bed. The first two might with propriety perhaps be ci^ed 
epidermatoplasty, the last, dermatoplasty. 



Fzo. 399. — ^Technic of Uhino the Nekule ani> Scalpei< for CuiriNa Minute Skin-oaafis. 

In all these procedures the raw or granulating surface is made 
sterile and bathed with warm sterile salt solution. In the case of 
granulating ulcers a sterile surface may be obtamed by dressing the 
part for several dhys with a formaldehyd solution (1 : 200). The 
hardened surface of the granulations thus caused is to be scraped 
.off, when the grafts are to be applied. It is well to shave off the 
tops of the granulations with a sWp knife or razor, which makes 
a smoother surface than the curette. Bleedmg is stopped by pressure 
with an aseptic pad of gauze, and the grafts are then applied. The 
skin of the front or inside of the thigh or arm is usually selected for 
grafts. It is elastic and not apt to be hairy. It should be sterilized 
and then bathed with sterile s^t solution. R^verdin grafts should be 
two or three millimeters long. They are readily cut by thrusting the 
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point of an aseptic needle under the epidermis and putting the skin on 
the stretch by lifting the needle. A minute fragment of skin is then 
excised with a sharp knife or scissors. Dozens of such grafts, obtained 
in this almost bloodless and nearly painless way, are placed, with the 
epidermic side upward, on the raw surface or gi’anulating ulcer. Some 
operators make small punctures into the granulations and press the 
grafts into these depressions. Rubber tissue or Lister protective is 
laid over the grafts to prevent their displacement, and a dry aseptic 
dressing is applied and left undisturbed for four or five days. These 
little grafts at first shed their cuticle and become almost invisible; but 
a few days later bluish-white spots of cicatricial skin are seen where the 
grafts have begun to grow. These islands grow in extent, and appar- 
ently stimulate the edges of the wound or ulcer to similar activity. 
After a time the islands of cuti- , 

fication coalesce and join with 


the margin, and the whole space 
is converted into scar tissue. 

Thiersch grafts are cut by 
means of a razor. This should 
be wet with sterile salt solution 
and may perhaps be gi'eased 
with sterile oil to make the 
thin shaving of epidermis and 
true skin slide over its surfa(ie 
more readily. The skin, also 
moistened with salt solution, is 
put on the stretch with the 
fingers or hooks. The oper- 
ator then cuts numerous shav- 
ings about one-half inch wide 
and four inches long. The 
shavings involve only the most 
superficial layers of the true 
skin with the corresponding 
epidermis. These strips are 
laid on the raw surface, leav- 
ing no intervals between them. 
The raw surfaces of the wound 



or vivified granulations and . 

the grafts adhere, and no sutures are needed to keep the grafts in 
place. Rubber tissue is laid oyer the grafts to preyent their displace- 
ment, and a dry gauze dressing is firmly applied, so as to press the 
grafts against the raw surface. It is left undisturbed for five or 
six days. Some operators prefer an aseptic moist dressing, kept 
constantly wet. Gaps may be left between the strips of rubber 
tissue to allow escape of serous transudate or blood; but in the Thiersch 
method the grafts should lie close together. It is usually necessary to 
anesthetize a patient from whom many of these grafts are taken. 
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Local infiltration anesthesia may be used, according to J. O. Bryant. 
Very large ulcers and wounds are quickly healed by this method. It is 
especially valuable in causing rapid cicatrizations of large ulcers follow- 
ing bums. The grafts should be applied in such cases as soon as the 



Fiu. 401. — ^Tiiibrbch Mbthod of SKiN-aiiAFTiNa. (Marwedel.) 

sloughs have separated and the surface can be made sterile. Delay 
allows cicatricial contraction to become increasingly great, as the 
granulations are converted into fibrous tissue. The immediate union 
between the grafts and the vivified granulation surface tends to obviate 



Fia, 402.— Potting Qraftb in Position. 


much of the disfigurement likely to occur from vicious cicatricial con- 
traction. Thiersch believes it necessary to remove the surface of the 
^anulation before planting the grafts, if the further sc^r contraction 
is to be suaeessfully avoided. It is said to be well to also remove the 
cicatricial edge which has usually formed around the margins of ulcers. 
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This bluish edge has been dissected up, cut into pieces, and used for 
skin-grafting. Instead of covering the grafts with rubber tissue or 
protective silk, a piece of sterile tulle may be laid over them. This 
may be made with wide meshes, and be rendered non-absorbent by 
filling the threads with sterile paraffin. The gauze dressing is applied 
over this retentive fabric, which is left in place for ten or twelve days. 
Two parallel incisions made part way througli the skin, before it is 
put on the stretch for cutting the grafts, may be of assistance in 
obtaining long and even grafts. Pressure on the skin wiljh a hard sub- 
stance in advance of the razor may facilitate the little operation. 

The Thiersch method is very valuable. It does not make a deep 
wound where the grafts are cut, and eimbles large surfaces to heal 
rapidly. The cicatrix so obtained sometimes ulcerates easily. Kcetley 
says that a valuable use of the method is to line deep aseptic bone 
cavities. The cavities fill up by tissue developing under the grafts. 



Fia, 403.— CuTTiNQ a Skin-graft. (Fowler.) 


In treating cicatrized bums by this method he first dissects out all the 
scar tissue. He believes that epitheliomatousj tuberculous, and other 
ulcerations, which have been excised, show less tendency than usual 
to recurrence, if Thiersch grafts are used to fill the gap in the soft tissue. 

Wolfe or Krause grafts consist of the entire thickness of the skin, 
and must be free from subcutaneous fatty tissue. The circumference 
of the free flap to be cut is marked by an incision through the skin. An 
end is then seized with toothed forceps and raised, so t^t the operator 
is able to dissect it free from the superficial fascia. The kntfe used 
should be sharp and its edge should be turned toward the skin, in order 
to avoid raising some of the subcutaneous fatty tissue with the skin. 
The raw surface should not be touched with the fingers and the oper^ 
tion should be dry. The graft may be obtained by dissecting up skin 
sbd subcutaneous fat from the deep fascia, and then clipping all the fat 
Away from the under surface with scissors. This method leaves a 
Voui]td easily, closed after undercutting its margins. The graft if 
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carefully laid in the bed that has been aseptically prepared, and is 
pressed into place so as to drive out any air beneath it. Sutures may or 
may not be used. Dry dressings are to be firmly applied and should not 
be removed for about four days. Then there may be blebs on the sur- 
face, and it may look as if necrosis of the flap was about to occur. The 
blebs should be punctured and drained and dry dressings reapplied. 
Krause flaps may be laid upon bone, muscle, fascia, or other structures. 
They will usually live, if a dry aseptic technic has been carefully carried 
out, even if they are several square inches in area. Motion of the parts, 
to which the grafts have been applied, should be prevented by means 
of splints, whenever necessary. Hairy grafts may be employed to 
replace eyebrows. 

Mucous membranes may be repaired by pediculated flaps of mucous 
membrane, by grafts of mucous membrane, or by using skin-flaps or 
grafts. Skin thus transferred or transplanted becomes converted into 
a pseudomucous membrane, when continuously subject^ to the 
moisture of cavities lined with mucous membrane. Defects in mucous 
membrane of the urethra, eye, and mouth have been repaired by mucous 
membrane grafts from man and the lower animals. Skin-flaps with 
pedicles of subcutaneous tissue only have been employed for such 
purposes, and have been thrust through slits or buttonholes in the skin 
of the cheek and elsewhere. If mucous membrane is used, the entire 
thickness must be employed. The difficulty of maintaining asepsis 
and immobility of the parts makes mucous membrane grafting 1^ 
successful than skin-grafting. Pediculated flaps of mucous membrane 
are therefore more reliable. 

CICATRICIAL DEFORMITIES OF THE SKIN. 

Cicatricial contraction subsequent to sloughing from bums and 
scalds often causes frightful deformity of the face and limbs. The 
contraction is lessened if the ulcers, left by the separation of the sloughs, 
are quickly healed by means of skin-grafting. The Thiersch and 
Krause mrthods are to be emploj'ed. They should be resorted to as 
soon as a clean granulating surface has been obtained. Wilcox obtains, 
in such infected ulcers, an aseptic surface by first washing with green 
soap and solution of hydrogen dioxid. If the ulcer be very foul, he 
applies a compress wet with a 50 per cent, solution of hydrogen dioxid 
for several days. The surface cleansed by either of these methods is 
then covered with a compress moistened with a 1 per cent, solution of 
formaldehyd for eight or ten hours. This changes the upper portion of 
the granulations into a dry, leathery tissue. This layer is removed by 
a sharp instrument, and the bleeding stopped by equable pressure of a 
rubber bandage, applied for a few minutes. To the aseptic bloodless 
surface thus obtained the grafts are applied. A weaker solution of 
formaldehyd applied to ulcers for a few days answers equally well. 

When distortion has already occurred by ulceration having healed 
more or less completely, the surgeon must divide the scar tissue to 
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permit readjustment of the displaced structures. It sometimes is 
necessary to dissect out the entire scar until normal tissue is reached* 



Fia. 404. — Dei>x>hmity phom Buunh op the JIanub. (Keen.) 


In either case plastic operations are then performed to fill the gap and 
transfer the tension to ai*eas where it will do no hmn. Unless the 



Fia. 405.— DiEKiaoftEMENT phom Burkb. 

Improved by incising scar tissue under chin and taking two long ^aps from bock which were brought 
around the front of the neck like a cravat. 

distortion is remedied, joints may become permanently immovable or 
dislocated, bones bent out of shape, orifices, such as the nostrils, closed, 
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Fio. 409. — Mahon hOpkhation ON Cicatricial Iibkormity ok Chin ani> Nkck I.)tJK to Bitknh. 
The scar tissue was divided, the chin lifted and the ndKen of skin dissected up and united in the 
middle of the gap. (Mason.) 

The methods already described for plastic reconstruction must be 
employed to remedy these distortions from scars. It is impossible to 
describe formal operations, because the deformities vary greatly in 




//> 


Fio. 410.— Flap prom Oppositb Fia. 411.— 1, Thoracic Flap to FillBbnd op Elbow; 
Leg to Qrapt Ulcerated 2, Flap with Dodbus Pedicle for roKBARM Taken 

Space. from Abdomen; 3, Flap to Arm. 


kind and degree. The operator must select his method, after a study 
of the particular problem. A series of operations extending over many 
months is often required. Frictions with oils, such as adeps lanae, 
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massage, and patient stretching may aid the operative treatment. 
Thiosinnamin and other caustic applications may be used to smooth 
down rough and nodular scars. The x-ray will lessen the irregularities. 

A few illustrations will show the general methods more quickly 
than written descriptions. 

The manner of performing plastic operations will be understood by 
examining the illustrations of operations for harelip, cleft palate, 
ectropion of the eyelids, exstrophy of the bladder, resections of bones, 
osteoplastic amputation of the extremities, and deformities of the nose 
and face in the appropriate chapters of this and other volumes. 

RHINOPLASTY. 

Rhinoplasty, which includes all operative repairs of the external 
nose, is resorted to in partial or complete congenital absence of the organ, 
and is employed to repair losses of its tissue from any cause and to 
modify deformities in size or shape, whether congenital or acquired. 

A very common congenital defect of the external nose is the flatten- 
ing of the wing and broadening of the nostril occurring in connection 
with harelip and cleft palate. This deformity should be corrected 

by early operation upon the palate 
• and lip, combined with readjust- 



Fia. 412. — Diagram op FtAP and Method op surface h next to the nasal cavity and a raw 

Suturing Edorr of Frontal Wound in eurfaoe in created from the nasofronlal suture 

1). F. Kbkqan’b Method of Riiinoplahty. to the end of the nose. This is tlien covered 

(Mndifled slightly from Keegan's illustra- with a frontal flap (Keegan), 

tion.) 


The chief difficulties in extensive nasal reconstructions are the 
production and maintenance of sufficient projection from the surface 
of the face, the formation of nostrils, which will remain patent, and the 
construction of a columella which post-operative contraction cannot 
distort. Many nasal deformities liable to cause much mental distrees 
may be avoided by the early recognition of syphilitic lesions, followed 
by prompt and efficient specific treatment. 
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Deformities of the nose and interference with proper respiration 
through the nasal chambers would be greatly lessened in frequency if, 
after injuries to the face of seeming unimportance, patients were care- 
fully examined for fractures and dislocations of the bones and cartilages 
of the nose. This applies particularly to the nasal injuries occurring 
in childhood. 

Prosthetic appliances fitted to the face to remedy defects in the 
nose do not come under rhinoplastic surgery, unless they are buried 
in the tissues to be permanently retained there. 

In rhinoplastic operations pedunculated flaps may be taken from 
the arm, forehead, or cheeks. Brachial flaps require the upper extremity 
and head to be held in apposition by some form of retentive apparatus 
for from ten days to two weeks. The flap taken from the upper forearm 



Pia. 414, — Fhontal Rhinoplasty for Rkpair of tiik Cut-off Cahtilaoinoub External 

Nose. 

Photograph taken on sixteentli <lay after KeeganV operation, (Keegan.) 

or hand may sometimes be permitted with advantage to undergo con- 
traction from partial cicatrization, and be molded somew’hat into shape 
before the head and arm are approximated and the flap sutured in the 
nasal region. 

Lexer * has ingeniously cut apiece of the condyle of the femur, taken 
from an amputated leg, into the shape of a nose, bored holes into it 
for nostrils, and planted this bony mass under the skin of the forearm. 
Three months later, when the bony nose had become adherent to the 
skin and underlying muscles, he transplanted the whole mass upon 

the face. ^ . • u 

Frontal flaps have the advantage that there is no restramt in the 
patient’s posture during treatment and that portions of periosteuih 
or bone may be cut from the forehead and embedded in the newly made 

♦ VerhandL derDeutsch. GeselL f. Chlrurgie, 1908, il 
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nose. Scarring of the forehead may be a good deal lessened by plastic 
closure of the wound and skin-grafting. 

Pedunculated flaps from the cheek are not often used in total rhino- 
plasty, but are employed in partial reconstructions of the external 
nose. It may be necessary in nasal reparations to use superimposed 
flaps from the forehead, the cheek and arm, in order to obtain necessary 
thickness and rigidity for the new organ. Free flaps, or grafts, of skin 
may be suc(»ssfully utilized. Portions of cartilage taken from the ribs or 
ear, or from recently dead tissues of men or lower animals may be planted 
in the soft tissues to give the requisite rigidity. In the same way 
strips of bone or periosteum from the forehead, tibia, ulna, ilium, finger, 
or toe, or from the lower animals have been implanted. Modification 



Fia. 415. — ClIARLIM Nit.AroM'8 Operatioh Fio. 4X0. — Csarler N&aton’b Opekatioh 

FOB Complete ok Noae. for Complete Coab op Nobe. 

A, Thenaaal flaps have been inverted and B, Evenion and molding of the frontal 

Hutured, the fnigment of eostal cartilage has flim containing the piece of costal cartilage 
been inserted under the penosteum, and the (N(Claton and Ombrddanne.) 
proposed frontal flap is indicated by a broken ^ 
line. (N^laton and Ombrtfdapne.) 

in shape is sometime obtained by resort to subcutaneous injections of 
paraflin or pamflln mixed with other materials. 

When the external nose has been removed by sharp instruments, 
leaving the nasal bones intact, the method of Keegan is probably the 
best for a rhinoplastic reconstruction. In this operation two cutaneous 
flaps are dissected from the surface of the nasal bones and turned down- 
ward upon a cutaneous hinge just above the lower border of the bony 
bridge. These flaps then cover the opening into the nasal chambers, 
with the skin surface inward and the raw surface presenting outward. 
As a result of this manoeuvre the raw surface extends from the fronto- 
nasal junction downward and forward to the proposed tip of the new 
nose (Figs. 412 and 413). 
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The operator then cuts an oblique frontal flap with its pedicle near 
the inner canthus of one eye. This flap should be so cut as to make pro- 
vision for the ala) and columella of the new nose. The frontal flap, 
after being raised, is twisted on its pedicle and laid with its raw surface 
against the raw surface previously made by turning down the flaps from 
the nasal bones. The projection on this flap intended for the new 
columella is fitted into a pocket made above the middle of the lower 
lip, and the incisions at the side of the nasal I'egion are deepened and 
lengthened to receive the edges of the flap from the forehead. The 
frontal wound is closed with sutures and skin-grafts, and drainage-tubes 
are kept in the nostrils for a few days. The pedicle near the corner of 
the eye is divided, and the tissues readjusted at that point at the end 
of ten or fourteen days. 



Fin. 417. — (.'harleh Nklaton’b Operation for Complete Lohh of Nobk. 

0, Th« frontal flap sutured in portion so a 9 to form naren and columella m well ax the iiaftal 
bridjce. (Ndlaton and Onibrddanne.) 


Instead of trimming away the rather voluminous median margins 
of the two flaps turned down from the nasal bones, Henry Smith inverts 
these median edges into the nasal cavity and thrusts them into a split 
made in the remains of the septal cartilage. This makes a new septum 
and lines almost the entire interior of the new nose with skin (Fig. 414). 

Charles N^laton recommends a more elaborate method of per- 
forming total rhinoplasty. The first step consists in excising almost 
the whole length of the costal cartilage of the eighth rib. He trims 
this structure down to a thickness of about 3 mm. along about 2 J cm. of 
its length. At a point where he expects to bend this strip of cartilage 
to make the point of the nose he cuts a notch. The prepared carti- 
laginous support for the dorsum and columella is then thrust into a 
horizontal tunnel made between frontal bone and its periosteum. The 
cartilage becomes connected with the surrounding tissues in about two 
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months. At this time the cicatricial edges of the stump of the nose are 
pared loose, makmg three flaps. The superior flap is turned downward; 
the lateral flaps are turned inward, and they are sutured together so as 
to close to a greater or less extent the opening into the nasal chambers, 
which has been left by the loss of the external nose (Figs. 415-417). 

The next stage in the operation is to cut from the forehead an 
irregularly quadrilateral flap having its pedicle near the inner border 
of the right eyebrow. This flap contains the transplanted costal 
cartilage lying longitudinally in its middle. When the flap is raised 
from the bone, the entire periosteum with the implanted costal cartilage 
is taken. The surgeon twists this flap downward, bends the contained 
cartilage, and fixes the frontal structures on top of the nasal flaps 



Fid. 418. — Charles NiSLATON'^ Oi'eration 
KOK SoBTOTAIi LORR OF THE NoAK. 
Diagram Ahowiiig outline of Hap used. 
(Ndlaton and Oinbrddanne.) 



Fio. 419.— Charles NiLATON's Operation 
FOR Subtotal Loss of the Noab. 
Cutting the bony roof for the new nose from 
the frontal bone. (Ndlaton and Ombrddanne.) 


which have been made from the margins of the nasal opening. A fair 
and rigid substitute for a nose is constructed. The frontal wound is 
closed by skin-grafts and usually heals without very much scarring, 
even though a thin layer of bone may lie lost by necrosis due to the 
removal of the periosteum. 

Brachial rhinoplasty is at the present time not considered so avail- 
able for replacing totally lost noses as it is for filling gaps aftor the loss 
of a part of the nose only. Sometimes a pedunculated flap from the 
chest or the abdomen is attached to the arm or hand, and is subsequently 
cut from the trunk, and then applied to the nasal region. Occasion^y 
operators have employed both frontal and brachial flaps, superimposing 
one upon the other. Flaps from the cheeks may, in the same way> 
be us^ in connection with frontal and brachial flaps. 
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The operative devices for meeting the requirements of partial 
rhinoplasties are innumerable. 

For subtotal loss of the nose N41aton saws a long A-shaped flap 
from the forehead and nasal regions with a thin saw. This flap contains 
a plate of bone from the forehead and portions of the nasal and superior 
maxillary bones. This osteoplastic flap is slipped downward, and, 
being flexible, can be bent into shape and sutured so as to make a fair 
substitution for a nose (Figs. 418-421). 

Very pronounced instances of saddle-nose may bo remedied more 
or less satisfactorily by splitting off pieces of bone from the lateral 
margins of the nasal opening in the skull by means of a chisel. These 
are to be loosened above and pressed toward the middle line, con- 



Fio. 420.— Charles NijL.\TON’B OpBRATio.Nr fob 
Subtotal Lobb of the Nobe.) 

ITio lx>ny njof and flap of soft tisBuea displaced 
downward previoiw to the application of the suturee. 
(N41aton and Ombrddanne.) 



Fia. 421.— Ciiaiii.kb N Platon « 
Operation for Subtotai- 
Lohb ok tub No»«. 
Appearonce of patient after the 
eiituree have been iiiMcrted and tied. 
(N41aton and OmbrtSdanne.) 


Btituting thereby a nasal bridge. The new position occupied by these 
pieces of bone may be secured by transfixing the nose under them with 
a steel pin. 

Syphilitic sunken noses with old inflammatory adhesions betw^n 
the skin and the internal structures require very radical operative 
procedures. There is usually a sharply defined transverse groove just 
above the middle of the sunken area, and the cutaneous structures are 
usually very fibrous from cicatricial changes. The distressing deformity 
so caused may sometimes be improved by separating the skin of the nose 
from the nasal bones by an inverted U incision. A frontal flap, perhaps 
containing periosteum or bone, should then be turned down and tucked 
under the first flap. A fragment of bone, cartilage, or periosteum may 
be incorporated in this reparative work. Occasionally undermining 
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the skin with a tenotome and injecting semisolid paraffin or paraffin 
liquefied by heat may relieve the deformity. 

These operations, however, will not always restore the normal 
position of the tip of the nose, which needs to be drawn down so that the 
plane of the nostrils shall be horizontal, as in the normal nose.. The 
sunken nose of syphilis, as also the imdeveloped saddle-nose, has a 
tilted-up lobule wffich makes the opening of the nostril lie in an almost 
vertical plane. To correct this deformity is an important preliminary 
step in relieving the disfigurement of both these conditions. It is par- 
ticularly essential in the sunken nose of syphilis. The first step, there- 



Fia. 422 .— Robebtb* Method or Making Nabal Bridob with Cheek Flaps and Rhomboid ai> 

Flaps FROM Forehead. 

fore, in correcting a badly sunken nose is to make a transverse incision 
in the transverse groove at the bottom of the sunken region. This cut 
must go into the nasal cavity and permit the operator to draw down the 
lobule and the alse until the prominence of the tip is restored and the 
nostrils again lie in the horizontal plane. The huge opening in the 
nasal chambers, between the bony bridge above and the replaced 
lobule and alss below, must be closed by tissues which will be per- 
manently thick and rigid. Some years ago I devised a method which 
answers well for this purpose. The first step is to cut a flap from each 
cheek near the nasolabial furrow. These are turned upward and 
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inward and sutured in the middle line with the skin surface toward the 
nasal cavity. The raw surfaces present forward. After these flaps 
have become united and are more or less cicatrized, the irregularities 
at their base are corrected by incisions and sutures (Fig. 422). 

The next step is to make an inverted V incision, beginning in the 
middle of the forehead. The legs of this incision run downward and 
outward to the points on the cheeks below the eyes. Just above the 
united flaps, turned in from the cheeks, a similar inverted V-shaped 
cut is made. The second incision has ite legs more widely separated 
than the first. 

A vertical incision in the middle line of the nose joins the apices of 
these two V’s. By these cuts the surgeon has made two rhomboidal 
flaps with their pedicles on the cheeks close to the sides of the nose. 



Flo, 423.— End op Nohb Dbbtroted by Cads- 424.— Appb^abancb of Patient 

TIC Befobb Opbhation. Shown in pi«. 42.i Ai-teh Opera- 

TION0 TO Build up Lobe of Nobb 
PBQ ii Cheeks. 

A dissection down to the bone lifts these flaps, and they are turned 
downward over the cicatricial or granulating surface of the reversed 
cheek-flaps. The upper angle of the right flap is sutured to the base 
of the left ala, and that of the left flap is turned across the nose so as to 
reach to a point near the inner canthus of the right eye. The^ frontal 
wound is quite easily closed in a vertical direction. The rigidity of 
these tissues placed between the root of the nose and its lobule is suflS- 
cient to prevent the flaps being sucked in by the pressure of the atmos- 
phere durmg inspiration. 

The reduction of an exceedingly large nose may be accomplished 
by lui operation devised by Joseph, The width of the organ and the 
big nostrils are lessened by cutting out an A-shaped portion of the skin 
find cartilage on the anterolateral surface of the nose. The bones and 
cartilages forming the roof or dorsum are then pared away with chisel 
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aad scalpel; and, finally, the nasal septum is shortened by cutting out 
a wedge with its base forward and its point directed downward and 
backward. Joseph reports that his patient, who had formerly been very 
unhappy, was greatly pleased with the change, which converted his 
large nose into one of moderate size. 

For rcstormg the alsc or the lobule of the nose pedunculated flaps 
may be taken from the cheeks, lip, or chin, or the surgeon may use the 
bracliial method. 

The new alse may be lined with mucous membrane dissected from 
the nasal septum, or repaired with a flap from the cheek with the skin 
surface turned inward. The prevention of cicatricial obstruction of 
thenar^ makes the construction of new alrc very troublesome. Thiersch 
grafts of skin may be used to cover the raw 
surface of a flap before it is put in position to 
make an ala. Small skin-flaps may perhaps, be 
thrust with success through buttonholes in the 
skin to line a new ala. To stiffen an ala so 
that it will not collapse during inspiration the 
operator may possibly slip a piece of cartilage, 
taken from the ear or costal cartilage, into the 
tissues used for making the wing of the nose. 
A columella which lacks rigidity, because made 
of soft tissues or because of congenital absence 
Fra. 425 .-SIINKISN Nose of cartUagc, may be stiffened by thrusting a 

traesvebm iNoieiTO.™ pog of cartilage, cut from the tip of the eighth 
costal cartilage, obliquely backward and inward 
through a tunnel made with a tenotome. This procedure is used to 
hold the lobule forward and stiffen the lower portion of the septum. 

A columella lost from ulceration or other cause may be constructed 
from two vertical flaps cut from the upper lip, one of which is taken 
from each side of the median line. These need not go tlirough the entire 
thickness of the upper lip. A single median flap may be used for the 
same purpose. A portion of the nasal spine of the upper jaw may he 
chisel^ loose and turned upward to give rigidity to a new columella 
which the surgeon is about to make. 

Bent and twisted noses of various forms may be much improved 
by a thorough division of bones and cartilages, and loosening the 
attached soft parts subcutaneously with a tenotome, and twisting back 
the structures into a better anatomic relation. It is wise to over- 
correct such deformities. The new relations must be maintained for 
about ten days or two weeks by the use of nasal pins or intranasal 
splints. 

Noses the site of rhinosclereraa or of chronic rosaceous hypertrophy 
may be restored to a normid size and shape by simply shaving off the 
excess and allowing cicatrization to take place, with or without skin- 
grafting. 
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CHAPfEll LXXVII. 

SURGERY OF A0C3DENTS. 

By William L. Estks, M. D. 

80<ttH tiKTHLKHKM, |*A. 

One can scarcely wonder that accidents are increiising almost from 
year to year when he takes into consideration the increase in rapid 
locomotion of many kinds and the multiplying factories, workshops, 
mines, and quarries all over the country. 

While the ratio of accidents compared with the number of employes 
is apparently not inci'easing,^’^ the total number of accidents is increas- 
ing every year. The , number of mine accidents seems not to be 
increasing relatively.®'^ Accidents on the railroads, however, do 
seem to be steadily increasing.® 

The report of the Interstate Commerce Commission®*® shows that the 
largest number of deaths from railroad accidents are among the class 
which is called in railroad reports “trespassers.” In 1904 there were 
10,046 fatalities from railroad accidents. Of these, 11632 were employes, 
441 were passengers, and 5973 were “other persons.” Of these so-called 
“other persons' ’ who were killed, 5106, over 85 percent., were reported 
“trespassers.” Grade-crossings are responsible for most of the casuali- 
ties of so-called “trespassers.” Accidents occurring to employes and 
passengers result, for the most part, from carelessness or neglect on the 
part of the individual injured or of some employ^ responsible for the 
safety of others. 

The statement has been frequently made, and it is commonly sup- 
posed, that coal-mining is the most hazardous of all employments. The 
report of the Department of Labor No. 32, p. 18, shows specifically 
that this is not true. The report states; “It is a matter of interest to 
note that coal-mining is a less dangerous industry than that of railway 
transportation. While in the latter 1 switchman, flagman, etc., out of 
every 196, and 1 trainman out of every 150, were killed during the year 
1898, in coal mines the proportion was only 1 out of every 347 employes 
in anthracite mines, and 1 out of every 443 in bituminous coal mines, in 
Pennsylvania, 1 out of 467 in Illinois mines, and 1 out of every 720 
(year 1897) in Ohio mines.” 

While undoubtedly the nature of the employment, the surroundings, 
8>nd the method of conducting the work will determine the number of 
injuries, there can be no doubt that the actual number of fatal cases 
resulting from injuries will be very greatly lessened by prompt and 
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skilful treatment. Nearly every large mining company has a select, 
well-equipped, and competent surgical staff, either in actual employ- 
ment, or it has a special arrangement with an independent hospi- 
tal in the immediate neighborhocKl, Injured men, therefore, receive 
prompt and competent attention. There are certain conditions of 
environment, which will be noticed later on, which make wounds in 
mines somewhat less dangerous than similar injuries above ground; 
these, however, will hardly explain the fact that neaily four times as 
many railroad men as miners die from their injuries. 1 believe that 
the lack of proper first-aid appliances and a proper surgical organisation 
on most railroads in the United States (those of the East are especially 
lacking) are to a very great extent responsible for this increased loss 
of life. For instance, in a number of instances I have known of men 
with crushed extremities being transported long distances on the rail- 
road without any appliance or care to prevent hemorrhage; and I know 
a iiuml)er of men have lost their lives because this neglect resulted in 
their bleeding to death. In a great many instances I have known 
men to be transported long distances on dirty stretchei-s in dirty cars, 
through dirty baggage-rooms, without any protection for .an oikju 
wound, or, what is worse, in a great many instances I have known 
badly soiled bandages, waste, etc., applied as dressings to open wounds, 
Better the open air than dirty rags. It is not too much to say that 
hundreds of men injuied on the railroad every year die from pure neglect. 
These are unnecessary deaths. Railroads should be obliged by law to 
make provision for properly caring for their injured employe and 
pas.sengers. 

This can be properly done only by establishing, in connection with 
a thoroughly organized surgical staff, a system of first aid, which has 
done so much to lessen the mortality in war. It is obviously impractic- 
able for a competent surgeon to be delegated to every train on the rail- 
road,* but it is possible for every road to have its I’esponsible employes 
systematically taught the elementary principles of first aid to the 
injured, especially the vital importance of controlling hemorrhage and 
the prevention of soiling of a fresh wound. Besides, every railroad 
should be required to carry first-md packets and an accident package 
on every train, and more should be placed at every station along the 
line. These accident packages should each contain two rubber tour- 
niquets, a package of aseptic gauze, a package of absorbent cotton, a 
half-dozen muslin bandages of various widths, zinc oxid adhesive 
plaster, and a bottle of antiseptic tablets. Forceps, scissors, needles, 
and aseptic ligatures might be added for the use of the surgeon. That 
a system of this kind may be efficient 1 have had abundant reason to 
know, for in 1886, while I was chief surgeon of a railroad line, I had this 
system established. For the six years after its introduction the record 
of accidents showed that the mortality-rate was 50 per cent, lower than 
the preceding six years 
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ORGANIZATION OF SURGICAL STAFFS OF RAILROADS. 

The organization of the surgical staff on a railroatl must be varied 
somewhat according to the line or system concerned. For example, 
it would be out of place, on a line which traverses a thickly populated 
country, with numerous large towns, each with a well-equipped hospital 
and a skilful surgical staff, to have exactly the same organization as a 
line traversing a sparsely settled country. 

One officer, however, should be common to all, namely a chief sur- 
geon. He should combine the skill of an exp(n*ienced surgeon with 
fine executive abilities. To him should be delegated the whole responsi- 
bility of the surgical affairs of the road. If the road l)e a large * ‘ system 
there should be division surgeons — one for every 200 or 250 miles of 
road. These should report to the chief surgeon and be answerable to 
him alone. There should also l)e local surgeons at suitable intervals. 
These should report to the division surgeons and be answerable to 
them. 

The chief surgeon should have an office, properly equipped, with 
an adequate clerical force, centrally located. He should be regarded 
and he paid as one of the chief officers of the road. He must give his 
whole time to the road. 

The division surgeons should have offices near the division super- 
intendents, but should not be under them or report to them. They 
ought to be paid for the work actually done for the road at their regular 
rates. It will not be necessary for them to give all their time to the 
affairs of the road. 

The local surgeons should be selected from the most competent 
men of their several localities. They should be paid regular rates for 
their service and never by any contract rate or by a stated salary. As 
to passes or transportation over the road, the company ought, of course, 
to furnish transportation, either by pass or by mileage, to all the surgeons 
who travel in the discharge of their duties as railroad surgeons, and to 
the annual meetings, but they ought to pay for themselves and their 
families when they travel on their own affairs or for pleasure. 

The duties of the several surgical positions are indicated in their 
respective names. The chief surgeon should organize, inaugurate, 
and conduct all the sanitary and surgical affairs of the road. He 
should be to the railroad what the surgeon-general is to the army. 

The division surgeons should be responsible under the chief surgeon 
and answerable to him for the sanitary and surgical affairs of their 
respective divisions. 

The local surgeons, selected from the best qualified men of their 
localities, and distributed every ten or twelve miles along the road when 
this is practicable, should have a definite territory assigned to each 
one, say, five or six miles of road on either side of his residential town; or 
certain localities, e, g., the shops, switchyards, or stations, if they are 
located iii a city. They should render prompt first aid to any person 
injured on the road within their territory, and should determine in ordi- 
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nary cases and circumstances thefurther disposition of theinjured person, 
that is, whether he should be treated at his home or be sent to a hospital. 
They should immediately make carefully written notes of the circum- 
stances of the accident and the exact nature of the injury, its extent, 
prognosis, and its initial treatment, and forward these data to the 
^vision surgeon. 

Local surgeons should go to any reasonable distance along the line 
outside of their individual territories in case of a serious wreck or catas- 
trophe along the line. In cases of large wrecks, where many or several 
surgeons are at work, the division surgeon should be present, if practic- 
able, and direct the work. If this is not practicable, the local surgeons 
present should elect one of their number as acting chief, and the one thus 
selected should direct the measures of surgical relief. In big wrecks it is 
always best to conduct the surgical work something after the military 
method — e. g., a field-hospital should at once be established as the 
base, in a neighboring house, if possible, or under an improvised shed. 
Ordinary day coaches are usually very inconvenient, and are always in- 
fected. Except in case of a large new Pullman, they should be used only 
after the dressings have been finished. In the chief dressing station, 
if practicable, three surgeons should be stationed, with all the accumu- 
lated dressing materials and improvised splints, etc. These surgeons 
should see -to it that clean water, a fire, and disinfectants are provided. 
The other surgeons should l)e sent in pairs to rescue the wounded, make 
immediate provision for their needs, and send them at once to the 
main dressing station, which I have called the field-hospital, for proper 
first dressing. 

When all the injured have been dressed, Pullman cars, if available, 
may be utilized for the comfort and transportation of the patients, or 
the ordinary day coaches may be utilized for beds by turning the backs 
of the seats alternately, removing the cushioned seats, and laying them 
longitudinally from one seat to the other of the turned sections. This 
will convert every two sections into one section for the wounded to 
lie on. When there are so many injured that all the space must be used, 
after turning the backs of the seats to face one another, the two double 
seats may be removed and be put longitudinally across the frames. 
This, however, makes a much less secure and comfortable bed than the 
plan first suggested. 

If the road has one or more hospital cars, and it is practicable to get 
them to the scene of wreck, these, of course, would serve as the chief 
dressing station, and would furnish comfortable quarters for a few of 
the seriously injured, besides adding most materially to the facilities 
for caring for the injured. 

HC^ITAL CARS ON RAILROADS. 

Railroad surgeons have been discussing for a number of years 
whether it would aid the surgical organization on a riulroad line, and 
especially whether efficient prompt surgical lud might better be rendered 
by a system of hospital cars on each road. This question of hospital 
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cars on the lines in America is sui generis. We cannot use the fact that 
Germany and Belgium have found them useful as a convincing argu- 
ment in favor of them for American lines, because the lines are so much 
longer and are so differently managed in this country. 

Expense.— A very important matter will be the expense. At a low 
estimate, $15,000 would be required to build and equip each car. The 
cost of running and transporting the cars over the line would be a very 
considerable expense every year. 

Range of Efficiency. — Recently, in speaking to an experienced 
dispatcher about this matter, in answer to the question, “Under ordinary 
conditions on a busy railroad line, how fast time could you guarantee 
a hospital car in moving from one point to another?” he replied, “twenty- 
five miles an hour would be about the limit.” As a means of rendering 
first aid, therefore, a hospital car would be too slow to be efficient in 
a great many, perhaps the majority of, instances. 

Location of the Car and the Number Required on a Line.— 
Under ordinary conditions, then, twenty-five miles an hour would be 
the expectation of hospital-car service. This might be in two directions, 
of course, and so make the range of one car fifty miles. In order, 
therefore, to assure a service of one hour from the time of its call, there 
must be one car for every fifty miles of track. When there are a numbei;' 
of lines branching out from a common center, the proper location of 
the car would naturally be at the center or point of convergence of the 
lines. One car in such conditions might serve a much larger territory. 
Under the ordinary conditions of trunk lines, however, one car for 
every fifty miles would be necessary to give service with any degree of 
promptitude. For a main line of 500 to 800 miles ten to sixteen cars 
would be necessary. Then there would be yards and branches to be 
cared for. These would require for a 600 or 800 miles' system the 
addition of five or six cars — a total of fifteen to twenty-two hospital 
cars. Yards, reshipping points, crossings, junctions, and termini are 
generally regarded as especially liable to accidents. Wreck cars are, 
as a rule, not evenly distributed over a line. It would doubtl^s be 
well to follow this rule with hospital cars. Perhaps a hospital car 
might be located with every wreck train. About ten wreck cars 
are allowed to a road of 500 miles of main track. To follow this 
last suggestion would provide about the same number of '^lospital 
cars as the first plan of distribution required. Putting them with the 
wreck cars would assure more prompt service in case of serious catastro- 
phes, perhaps; it would delay them, however, in many other instances. 
They would have to be uncoupled and detached from the wreck train 
when the hospital car alone was required. 

Surgical &rvice on Hospital Cars.— If the cars are to be properly 
efiicient, a surgeon or surgeons must accompany them on all their 
mepeditions of mercy. To assure this it would be necessary to recast 
the ordinary arrangement of local surgeons along a railroad. It might 
be made a rule that the surgeon in whose territory the accident occurred 
should serve on the car. In the east, however, it is rare for one local 



020 


SUROERY OF ACCIDENTS. 


surgeon to have charge of a territory of twenty-five miles of road. He 
might render first aid and then turn the patients over to the next local 
surgeon upon reaching his territory, so that in a transportation of twenty- 
five miles two surgeons might have to officiate. It is rare, on most 
roads, to find in every section of twenty-five miles a hospital or place 
of permanent treatment to which the injured person could be carried. 
The journey of the car, therefore, would have to be much longer in some 
instances. The first surgeon to render aid would have to go far afield 
and leave his location for many hours perhaps, or else there would be 
a large number of changes of surgeons en route. This would, of course, 
in the last instance, work no end of confusion. Suppose, however, 
the rule was made that the first local surgeon to render aid must accom- 
pany the patient to his destination. The time this would require would 
be a very serious matter to a surgeon unless there was a proper pecuniary 
return for his work and time. Grant, however, that the railroad com- 
pany would pay for the surgeon’s time and work. If it were at the 
usu^ rate of fees, very few railroads would stand it. This service, to 
be efficient, would require salaried surgeons, and the expense would 
be very heavy if the men employed were properly qualified. I believe 
no railroad would stand such expense. 

Another arrangement might be made, and in some instances would 
not prove inhuman nor hurtful, viz., a local surgeon might render 
first aid, and then intrust the injured person on his further journey to a 
lay employ^ — brakeman, flagman, or conductor. Some one ought to 
remain in the car with the patient, surely. If it be a lay employ^, he 
must give up his other occupation during this time. This, if frequently 
required, might also make a serious expense, and in a great many 
instances be inexpedient and dangerous. 

Again, if the car has to leave its own territory, as it must do in order 
to prevent the evil of transshipment and very serious discomfort to the 
injured, what provision shall be made for caring for possible accidents 
during its absence? It would not do for the next car on the line to 
take its place, as this would only transfer the evil. It is obvious, there- 
fore, that a hospital car must be supplemented by other provisions for 
caring for injured persons. 

If the foregoing jwints are well taken, it is obvious that in order 
to equip a railroad line, which has a main line of as many as 500 
miles, with hospital cars in sufficient number to begin to do efficient 
service in the majority of emergencies, would cost from $200,000 to 
$300,000; the maintenance and running of these cars would also add 
materially to the annual expense account. The personal and usual 
arrangement with local surgeons would have to be materially chan^. 
Lastly and especially, prompt and rapid first aid by means of hospital 
cars, under orffinary conditions, could not be render^ in a large number 
of individual emergencies. No doubt the sentimental value of a system 
of hospital cars for emergency work would be very considerable, but 
one cannot advocate any such system when there are other more 
prompt and efficient means of succor. 
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The argument that a hospital car furnishes seclusion, comparative 
comfort, and facilities for proper dressings, and even operating-room 
facilities, is frequently used. I am willing to grant the first point, 
without argument, provided the car is at once available. I think I 
have shown, however, that in many instances this will he utterly imprac- 
ticable. The value of the other points of the argument, I think, is very 
doubtful. We know it is much more important that the man who does 
the first-aid dressing shall have had the proper training and experience 
and know the best modern way of handling injuries, than that all proper 
facilities for applying dressings shall be provided to a less competent 
man. As I have said, in writing upon the “Treatment of Compound 
and Complicated Fractures,”’ the fate of the injured person depends 
very greatly upon the man who does the first dressing. It is certainly 
not best for a seriously injured person to be put in the hands of an inex- 
perienced and poorly trained man, even if he has all the facilities for 
doing first-rate permanent work. The inexperienced man will be thus 
encouraged to attempt dressings which are intended to be final in 
compound fractures, very severe lacerations, or avulsions. . Very rarely, 
except in minor or the most urgent cases, ought operations to 1^ 
attempted in hospital cars. 

It seems to me that the objects in view should be, to furnish such 
simple aseptic dressings and apparatus as will prevent any further 
soiling or infection of the wound, to prevent or control hemorrhage, 
to immobilize injured parts, and to transport the injured person to a 
place where he may have careful, skilled, and permanent treatment 
just as soon as possible. I believe hospital cars cannot do all this. In 
this age of many excellent hospitals along railroad lines, the publicity 
and some added discomfort in the old manner of transporting injured 
pemms are far less harmful than delays in delivering them at the hos- 
pitals where they may find rest and permanent treatment at the hands 
of experienced men. 

Is there, then, no field, no call for hospital cars on railroads? I believe 
decidedly there is. First, on a railroad which is composed of a number 
of short lines radiating from a common center, when the “center'* has 
hospital facilities and the short lines have none, the car may be efficient 
for conveying relief in apparatus, a skilled surgeon, and means of trans- 
portation. Second, suburban short lines might also use a hospital car 
efficiently, In both these instances one or two cars would suffice, 
and these roads could afford to employ a skilled surgeon to accompany 
the car. In both instances the object would be first aid and the bringing 
of the patient to the hospital base, namely, the city in which the ter- 
minus might be. 

Third, hospital cars would be very efficient on railroads which have 
a system of small emergency hospitals along the lines and one or two 
“base hospitals" at the termini. They would be used in transporting 
patients from the emergency hospital to the base or principal hospital. 

Fourth, it may be considered ahead of the times, but I believe an 
special need for hospital cars is for (intermittent) use on through 
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express trains to transport sick and injured passengers, for which service 
people of means would gladly pay. 

Most physicians can rec^ many instances of illness, clearly contar 
gipus or infectious, on crowded trains in such conditions that they would 
communicate the diseases. It is a matter of commonest experience 
for persons suffering from pulmonary tuberculosis to travel long dis- 
tances in railway coaches. Sleeping cars are especially apt to be selected 
for these ailing persons. Efficient disinfection of railway coaches, 
especially sleeping coaches, is usually neglected. Various States have 
passed stringent laws requiring the careful embalming, disinfection, 
and hermetic inclosure of corpses of persons dying of contagious dis- 
eases during transportation on the railroads. But individuals while still 
alive, when suffering from any one of the contagious or infectious diseases, 
may travel without any let or hindrance on any railroad of the United 
States, unless their disease is accidentally discovered, and, as a rule, are 
placed in the very cars which are most frequented and most difficult 
to disinfect. 

Understanding, as we do, the usual methods of transmission and the 
specific cause of pulmonary tuberculosis, it is amazing that no restriction 
has yet been placed upon the transportation of persons who are in 
advanced stages of this disease. It would be a barbarous prohibition 
to prevent’ tuberculous persons from using railroad cars in order to go 
whither their one chance of recovery may be. The only proper, safe, 
comfortable, and sanitary solution of this problem of contagious and 
infectious disease-spreading custom is for railroads to furnish properly 
equipped hospital cars for any doubtful case of disease to its destination, 
and so separate it entirely from the other travelers on the train. In 
order to make this system efficient, the cooperation of physicians 
generally must be obtained, and the various States should pass laws 
requiring the use of isolating or hospital cars for sick persons. The 
patient and his attendants would have seclusion, more comfort, md 
efficient treatment might continue, without any danger to others. 

These cars should be constructed so as to be inconspicuous on the 
outside, and have the simplest fittings commensurate with comfort 
and efficiency, and everything should be so arranged and constructed 
that proper sanitation during, and thorough disinfection after, the use 
of the car might be obtained. 

Only two or three cars of this kind would be necessary on a line of 
a thousand miles of main track. If they were properly stationed, they 
might also prove very efficient in cases of serious catastrophes along 
the line. 


RAILROAD HOSPITALS. 

In populous regions and when a railroad line traverses a number of 
large towns which have hospitals, special railroad hospitals are not 
necessary. It is more economic and efficient to arrange with the 
hospitals along the route to receive the casualty cases from the road. 
This arrangement, however, disorganizes the proper system and order 
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of surgeons and reports on the road, and it takes away from the chief 
surgeon the control, and in many instances, proper information con- 
cerning the progress and termination of the cases, unless, as should be 
(lone, the chief surgeons of the hospitals are made vpso focto surgeons 
of the railroad company. This arrangement with hospitals in towns 
along the route would make it comparatively easy to select the 
local surgeons, since they would be recruited from the staff of the 
hospitals. 

In sparsely settled regions, especially in a newly opened country, 
hospitals founded and maintained by the railroad are necessities. 
Small emergency hospitals, and two or more large base hospitals, should 
be distributed along the line. These hospitals should l>e, of course, 
under the general direction and control of the chief surgeon. A division 
surgeon should be immediate chief of the base hospital, which, other 
things being equal, on a long line or system, should be located one at 
cither terminus, and one as nearly as may be midway between. The 
emergency hospitals would best be established near large transshiping 
yards and junctions, and these should be controlled by the local surgeon 
or surgeons in whose territory they happen to be. When the territory 
of more than one surgeon is concerned, regular rotation of the medical 
officer-in-charge should be the rule, at stated intervals. The emergency 
hospitals would do the work indicated by their name, and as soon as 
the patient could be safely moved, he should be taken to one of the base 
hospitals, where, as a rule, all major surgical operations should be per- 
formed. 

For a large railroad system I am convinced a third variety of hospital 
would add markedly to the efficiency of the treatment, relieve congestion 
in the base or terminal hospital, and enable the surgical department to 
keep track and proper records of the cases and hold them in charge until 
they are quite well, viz., a well-managed and well-located convalescent 
hospital or home. Patients who had progressed so far that no further 
active treatment was necessary, as, for instance, fracture cases, spinal 
injuries, etc., are frequently very slow in recuperating at their homes; 
they become more or less a burden to their families if they are veiy 
poor, they become anxious, worried, and discouraged, and in this 
frame of mind fall easy victims to the wiles of speculative lawyers, 
who induce them to undertake unjust damage suits. The anxiety and 
worry, and especially damage suits, prolong the disability of the patients 
far beyond the reasonable time required for restoring cases of this kind 
to their work and wage earning. 

Besides, certain measures might be employed in these convalescent 
homes for restoring suspended functions to limbs, for which there would 
be no time in a general hospital. Massage, passive movements, and 
electricity might be skilfully employed, and the use of simple gymnastic 
apparatus prescribed and practised. This course of treatment, together 
with good air, good simple food, good water, and pleasant surroundings 
would undoubtedly cut short the period of disability and restore many 
good men to their work much earlier than ordinarily. Men who had 
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lost a limb might wmt in the convalescent home until an artificial limb 
might be properly adjusted, and at the same time gain strength by 
doing light work in the grounds and gardens attached to the home. 

MEETINGS OF RAILROAD SURGEONS. 

The surgeons of a railroad line or system should meet socially at 
stated intervals, have opportunities to discuss the surgical work on 
their own road, and compare their work with that on other lines. There 
should be at least one general annual meeting, while the surgeons of 
each division should meet at least every six months. Every three 
years a' meeting of railroad surgeons of a whole section of the country 
should be established, and every five years a regular formed National 
Congress of Railroad Surgeons should be held. 

PREVENTIVE METHODS AND FIRST AID IN INDUSTRIAL ESTAB- 

USHMENTS. 

Much may be done in preventing accidents also in factories, mills, 
and the working trades generally. The United States is lamentably 
behind the Continent of Europe in adopting and establishing measures 
to induce the employes to safeguard themselves from injury while at 
work. Many individual manufacturers have introduced safety appli- 
ances from time to time in their factories, but usually they have been 
discontinued because, as they say, “ my men won’t use them.” It seems 
curious, and yet it is true, that men in dangerous employments are so 
careless of their safety that it requires a regular system of education 
to make them appreciate the value and to employ devices invented to 
prevent and lessen injuries. This fact is so thoroughly appreciated 
that now in several parts of Germany, in France, in Austria, and in 
Holland there have been established what are called “Museums of 
Security.” As William H. Tolman, director of the American Institute 
of Social Service, says: “The Museum of Security aims to become a 
permanent exposition, not only of devices for the prevention of accidents 
of laborers, but of the best suggestions originated by any person or 
institution to help workmen in any way.”* 

These Museums of Security have induced inventors to devise, 
manufacturers to adopt, and laborers to use, many devices to prevent 
accidents in all the trades, mills, quarries, and mines. In the United 
States “five of the States have enacted laws providing against accidents 
in the building and construction trades — nine States require factory 
operators to report accidents suffered by their employ6s.”* Unfor- 
tunately, very incomplete data are furnished, and in such shape that 
it is impossible to compile accurate statistics from them. The report 
from the New York State Bureau of Labor for three months, which I 
have quoted,'* seems the nearest approach to accuracy and completeness. 
It is for so short a time, however, that one hesitates to base a cidculation 
upon it.^ These figures and iny own experience in the midst of a large 
manufacturing community indicate unquestionably that accidents are 
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numerous, and, furthermore, that many of these could be prevented 
if our States would adopt the system of “Museum of Security” similar 
to those in Berlin, Munich, Vienna, Paris, and Amsterdam, to educate 
the workmen and to compel the employers to adopt every adequate 
mechanism for the prevention of accidents. 

FIRST Am IN FACTORIES AND MILLS AND MINES. 

As I stated before, mines usually have surgical staffs, and either 
their own hospitals or a working arrangement with some hospital in 
the neighborhood fur the quick reception and skilful treatment of their 
employes. As was also stated before, mine accidents are apt to produce 
frightful and multiple injuries, and while, to a great extent, they escape 
the infection of injuries to workmen above ground, the severity of the 
traumatism produces great shock. Early and careful transportation 
is necessary; the measures for the prevention of hemorrhage should be 
promptly employed. As a rule, tliis first-aid work should be done in 
the mine itself. Miners should, therefore, also be instructed in the 
elements of first aid to the injured. It is a pleasure to say, to the credit 
of the largest of Pennsylvania anthracite producers,— 'the Beading 
Coal and Iron Co., — that systematic and careful instruction has lieen 
given their men for over a year by Dr. George Ilallierstadt, of Pottsville, 
and the result has been most gratifying in the handling of injured 
miners and the saving of much suffering and of many lives. The fact 
that factories of various kinds are usually located so near towns and 
cities that outside surgical aid may be quickly obtained has made mill 
managers slow to adopt any adeijuate system for rendering first aid. 
The usual system of departments in mills makes it comparatively easy 
to establish a regular first-aid system within their own walls. That 
such a system leads to great good I know. Some years ago I suggested 
to an officer of a large steel mill, which employs over 6500 men, that it 
took so long for our hospital ambulance to get to the works in case of an 
injury that the mill ought to have its own ambulance and be properly 
fitted up with some aseptic emergency dressings. This was promptly 
done. It soon appeared, however, that when inj uries occurred in depart- 
ments some distance away from the ambulance, the man sometimes 
almost bled to death, or the wounds were further soiled by attempts 
of ignorant workmen to cover them with wearing apparel of various 
kinds before the ambulance arrived. It was then suggested that 
regular dressing stations should be established in every department of 
the mill, and that each of these' stations be supplied with an adequate 
kit of clean dressings. This also was done. Anally, I volunteered to 
jpve regular instruction to heads of departments and to selected men 
in first-aid work; this was promptly accepted. Now this mill has a 
regular central station or emergency room, and in every department 
a small room is set apart for first aid, and in every department there is 
w intelligent man who has seen and himself practised the first aid to 
various kinds of injuries. The good result, both in the saving of limbs 
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and of life and in the morale of the men, has been very gratifying 
indeed. The cost of establishing these dressing stations and keeping 
them properly stocked is so slight that mills all over the country ought 
to be willing to establish them. 


PECULIARITIES OF ACCIDENT CASES. 

Railroad Accidents. — Injuries on the railroad are peculiar only 
in their great severity and the multiple character of the injuries. On 



Fia. 426.— Th« KKKKtrr of Car-whselb Fabbino Ovkh Kxtiibmitibb. 
CuiiipletB cninininiitiofi of both upper extremitien in their upper third. 



Fiq. 427. — Injury to thb Skxn Producbo rt Prumiube of a Cab^wrbel Without Actually 
Pabrino Over the Extremitibr. 

The wheel puiihed the extremity along and premed it, but did not pami over it. 

,this account, and because of the horror so commonly preceding and 
attending these injuries, there is, as a rule, more shock from railroad 
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injuria than from any other class of accidents. Psychic shock is 
especially severe. Subcutaneous lacerations of the soft tissue of a 
very severe character are common; and though it seems a little pai'o- 
doxic, it is true, nevertheless, that severe injury, commonly entire 
destruction of the skin of a section of a limb, with very slight subcutu- 



Fio. 428. — ActMimNT from Being Caught Between Car Bumpbue. 

CruHh of formnn involving chiefly the inuecleH and IxmeH. 

neous injury, frequently results fn>m railroad accidents. Sc^ueezing 
between bumpers or between the ends of the cars produces the first, 
and impact of a wheel as it pushes a member along a rail without actually 
passing over it causes the latter form of injury. 



Fio. 429. — Accident from a Cartwheel. 

The name injury as diown in Fig. 430. The surface of the fwit is split in several jagged 

laoeimuons and the soft tusuee are lacerated. 

Motiyr-car injuries are very similar to railroad injuries. The one 
added especial danger is the soiling of the wounds by the dust of the 
highway. This is much more apt to produce suppuration in the wounds, 
as it is exceedin^y diflScult to clean them thoroughly of the fine foreign 
matter, and as the highways over which horses travel are infested by 


928 


SURGERY OF ACCIDENTS. 


the tetanus bacillus, these patients run a grave risk of tetanus. The 
greatest care should be exercised in dressing these wounds to get 

them clean, and thoroughly to 
wash out the deep recesses of the 
wounds. When practicable, one 
should not close them by su- 
tures for several days, in order 
to expose the wounds to the air 
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and electric contrivances. The accidents which occur, barring eatas- 
trophies to the hull, are of the kind which occur in any large factory or 
machine shop. 

Mill and Factory Accidents. — Mills and factories of various 
kinds produce a large variety of injuries. They will be considered 



Pia. 433. — Accident fiuim Rkvoi.vinu Machinery. 

Crush of the foreartn; skin turn in a large irregular wound and disserted from the muscles; 
muacles extremely lacemted; drainage by canaliKatinn. 


under the general classification of wounds. Nothing of any vital 
importance distinguishes them as a class. 

Mine and Quarry Accidents.— Multiple or complicated fractures, 
and explosion wounds are the especial classes of injury which belong 
to mine and quarry accidents. Fractures of the vertebrjp are especially 



Fio. 434. — ^Multiple Burns of Varying Deorees Produced bt the Spi-AaiiiNG of Molten 

Motal. 

common among miners. The explosion wounds are lacerations, fre- 
quently very extensive and severe, with, at the same time, severe bums 
of the lacerated area. Very marked shock is always an early feature 
of the injury; the lacerations are usually very numerous, and of all 
degrees of severity. Usually the skin is charred, sometimes almost 
to a crisp, and innumerable particles of fomign matters, small pebbles, 
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bits of coal and stone are driven through the skin into the subcutaneous 
tissues. There is one saving grace about wounds in mines, however — 
they are rarely infected, unless through the carelessness of the attending 
surgeon. The carbon from the coal mines and the pebbles from other 
deep mines carry no septic flora into the wounds, and though they 
look dreadful enough, what seem to be desperate cases frequently get 
well if they are tided over the early hours of injury. 

TREATSIENT OF ACCIDENT CASES. 

First Aid. — It has been frequently stated in the foregoing pages that 
the treatment of an injury should begin immediately after the accident — 
by amateur first aid if no surgeon is at hand. Simple dressings should 
be kept on every railroad train, on every steamer, in every factory and 
mine for this purpose. This first aid should consist in preventing 
hemorrhage, if necessary, and so to protect an open wound that no 
further soiling will occur, and to immobilize a- fractured limb so that 
further injury from the broken bones and excessive pain on account 
of movements shall not occur. Then the injured person should be sent 



Fig. 435 .— Illustrating thr Rssult of an Accident from a Fall from a Height. 
Compound dinlocation of the astragalus. Complete extrusion of the astragalus and ends of the 
leg-bones. Severe contusion of the other foot. 

m 

at once, if practicable, where he may receive adequate surreal attention 
and permanent treatment and dressings. 

After nearly every serious injury which has occurred during the 
waking period, that is, when the victim is not asleep, there is more 
or less shock. During this period of vasomotor tetany affecting the 
peripheral vessels there is very little hemorrhage, even if large vessels 
be severed. When reaction takes place, however, the hemorrhage 
will surely begin. It is extremely important, therefore, that measures 
to control hemorrhage shall be employed very soon after the injury, 
in order to anticipate and to prevent hemorrhage. If a surgeon sees 
the injured person during this stage and can see the ends of large vessels 
sever^ in an open wound, he should ligate the vessels at once if he 
has aseptic ligatures with him, and if he can do it without loss of 
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time. A person, either medical or lay, who is not accustomed to hand- 
ling fresh wounds, had much better employ elastic constriction for the 
purpose of temporarily controlling hemorrhage. If no rubber tourniquet 
is at hand, two pairs of elastic suspenders may be used for this purpose 
when a limb is injured. If no elastic bands of any kind can be obtained, 
a iMge clean h^dkerchief may be tied about an extremity and then 
twisty by a stick thnist under the handkerchief, and turned until all 
bleeding ceases (Spanish windlass) ; then its constriction should be main- 
tained by tying the stick in place. 

These tourniquets, whether ela.'aic or not, are very painful, and they 
are very apt to kill the tissues beneath them if they arc left on for any 
length of time; for this reason they should be applied as near as possible 
to the wound, and always, when 
possible, over injured tissues. 

A large wound which makes 
a tourniquet necessary always 
involves the tissues several 
centimeters above the severed 
vessels; a tourniquet may be 
applied 6 cm. above the appar- 
ent limit of a large w’ound an<l 
not occasion any added loss of 
limb if a subsequent amputa- 
tion becomes necessary. But 
it must be remembered that a 
tourniquet applied too close to 
a wound which has severed 
nearly all the soft tissues of an 
extremity, especially a tapering 
extremity, will slip downward, 
and the blood-vessels, released 
from pressure, will bleed even 
worse than if no tourniquet had 
been applied. If the patient will surely receive permanent surgical 
treatment and dressing within three hours, the tourniquet may be 
applied anywhere above the wound; within this time no lasting harm 
will result. 

If the bleeding wound is on the trunk or head, pack the wound 
closely with clean gauze or perfectly clean handkerchiefs, and then 
hold them firmly in place with a bandage; this will usually sufiice. In 
trying to control hemorrhage from the scalp by pressure it must be 
remembered that so long as large clots remain under the scalp between 
it and the bone it will be impossible to control the hemorrhage. These 
dots may usually be pressed out by firmly pressing the scalp down upon 
the bone, be ginning about 4 cm. from the edges of the wound and 
gradually approaching the wound from either side. When this is done, 
a large compress of gauze should be laid immediatdy over the wound 
and firm pressure made upon it by a bandage wMch will also hold it in 



Fio. 436 . — View OK the Back ok a Yoitkc (iirt. 
AfTEii Veuy Sevehe Buiin Cavreu by a Flame. 
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place. For temporarily immobilizing limbs after fractures pieces of 
clean boards, or bundles of twigs or straw, may be used for splints." 
Or, if nothing else is at hand, canes or umbrellas of bystanders may 
sometimes be employed. In the absence of any such mechanical 
means, in a case of fracture of the upper extremity, it may be fixed to 
the side of the body by a bandage improvised from anything which will 
go around the chest and abdomen — handkerchiefs, strips of petticoats, 
shirts, or what not. Another way is to split the sleeve longitudinally, 
then pin this over the extremity to the side of the coat. This coat 
must be buttoned up closely over the chest (Fig. 438). In the similar 
absence of any possible thing to use as a splint for a fractured lower 
extremity it may be fastened to its fellow by bandages or hand- 
kerchiefs, or by pinning the trouser leg or drawers of the injured 


Fia. 437 .-^ii)B View op a Young Oirl avtkr Fio. 438.— Fixation of Tins Upper Ex- 
A ERY Severe Burn Caused iiy a Fuame. tremity to the Side op the Chest 

UY Means of a Split Coat-sleeve. 

member to that of the uninjured side. In rendering first aid for a 
fracture of bones of either the upper or lower extremity, unless thei-e 
is hemorrhage, the sleeves, and in a man the trouser legs, should 
not be cut or removed, for these act as padding for the splints. TJn- 
nec^ary removal of clothing is apt to result also in chilling the 
patient. This is true in any case, but when it is absolutely necessary 
the clothing must be removed. Wheiieoer there is hemorrhage the 
dothing mua always be sttfficienUy cut to inspect the wound and to judge 
of its character. 

In the caseof aninjuredwomanjhercorsetsshouldalwaysbeloosened 
in order to give her more freedom of respiration, but if her ribs have 
been fractured, it will be best to fasten the corsets again before she is 
transported. 
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A matter of great importance is the covering of injured people during 
transportation. Great harm may be done by using very much soiled 
coverlets or blankets; espedaUif is it important never to use horse blankets 
to cover human beings who have open wounds. This applies especially 
to wounds of large areas — for instance, burns. I have had several cases 
of tetanus develop after burned cases had been brought to the hospital 
covered by horse blankets. The patients ' should be kept warm by 
sufficient covering, but the layer immediately over their skin should 
be clean. 

I cannot emphasize too strongly the vital importance of never 
attempting exploration of wounds and reduction of fractures at the 
scene of accident amid doubtful surroundings, with probably soiled 
skin (both the patient’s skin and the surgeon’s hands) and no adequate 
facilities for cleaning the wound or for splinting or immobilizing the 
limb. It should be taken as an axiom that all accidental wounds are 
infected. In this day of clean surgical methods it is criminal to inves- 
tigate the extent and character of a wound by thrusting the finger into 
the wound at the scene of the accident. I have seen more deplorable 
consequences follow the well-meant but thoughtless explorations of 
eager young surgeons, than from almost any other untoward featureof an 
ordinary injury. Medical schools should teach incipient surgeons that 
attempts at careful differentiations by the wayside are indications of 
ignorance, and that this stupidity leads to death. .Except in a general 
way, and only for the purpose of meeting the immediate indications, 
no attempt to find out its whole extent and exact nature of the injury 
should be made until the patient has been carried to a clean place, or 
after careful washing and disinfection of the wound and its imme- 
diate surrounding or connecting skin; ami especially not until the 
surgeon shall have carefully washed and disinfected his own hands. 
If practicable, seriously injured people should always be treated in a 
properly equipped hospital. 

Transportotion.— Unless the accident has occurred where it is 
possible to obtain a regular ambulance service and a good stretcher, 
some provision must be made for carrying the patient. Frequently 
it is recommended to employ a door or a shutter for this pur- 
pose. This is a barbarous thing to do, because it is exceedingly 
difficult for the bearers to retain their grasp on the shutter or door as 
it is ordinarily carried; they must stop and exchange hands frequently 
and they must also rest now and then. Every time one of the bearera 
changes the position of his hand, the rigid door or shutter is tilted; this 
causes a rolling of the patient about on the rigid surfaces and greatly 
increases his suffering. Besides, it is very hard to walk any distance 
alongside of a door or a shutter carrying a heavy man. The proper 
way to carry a door or shutter with an injured person on it is for four 
men about equally tall to carry the corners of it on their shoulders. This 
is apt to frighten the injured person considerably on account of the 
height; with a very nervous person, this position would be quite impos- 
sible. It is so easy to improvise a stretcher by thrusting two poles 
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through the sleeves of two coats, and then wrapping the tails of the 
coats around the poles above and below, and securing them by pins, 
wire nails, or other means. The poles may be of any kind, not too 
heavy and not too short, and their elastic strength and resistance must 
be carefully tested before they are used. The essential point in making 
this arrangement is to see that the shoulders of the two coats meet one 
another in the center of the improvised stretcher; in this way the 
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h ' lG . 430.— Improvised Stketciikk. 

Two men’s coats are used, the sleeves turned wrong side out; two poles aie thrust through 
the Hlee\'eH, and tlie skirts of coats are turned over the poles and pinned in position. Tlione) of 
leather, cora, eto., or small wire nails may be used to fasten tlie coat-tails instead of the pin. 


buttocks of the patient and the greate.st weight will fall where the 
strongest part of the stretcher is, viz., in the middle (Fig. 440 ). It 
must always be remembered that stretcher-bearers should never walk 
in step, but should glide or shuffle along. On the other hand, when 
two men are carrying an injured person in their arms by grasping him 
under his shoulders and by his thighs, they must always walk in stop. 



Fig. 440. — The Improvibbo Coat Strbtcubr in Ube. . 

Note that the shoulders of the coats come together in the middle of the stretcher, where the buttocks 
of the patient xest, the strongest part thus bearing the greatest weight. 

Permanent Treatment and Dressings.— The first thing the sur- 
geon who makes the first careful investigation should do in all accident 
cases is to ascertain if all bleeding has been controlled. I have known 
neglect to do this to cost several lives. If hemorrhage continues, 
this must be controlled before anything else is done. 

When hemorrhage is absolutely controlled, the next thing is to ascer- 
tain the physical condition of the injured person. Inexperienced surgeons 
are frequently so eager to begin attending to the wounds that they 
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entirely forget the wounded •person. They go through the very long 
and propter aseptic technic necessary for the local injury, and aie 
astonished, when the dressing is completed, to find the patient dead. 

After very serious injury, and, indeed, I believe before many injuries, 
the victim is in a condition of shock (Vol. I., p. 922). The condition 
called shock may be brought about by three causes— namely, fii-st, 
emotion, i. e., that produced by mental effect, I call this psychic shock; 
second, injury to the nervous centers; third, hemorrhage. 

Psychic shock usually precedes the injury. It is the condition 
brought about by the terror a conscious person has of a seemingly 
inevitable and dreadful catastrophe. It is a condition of total anes- 
thesia. A person falling from a great height; a brakeman with his feet 
caught in the frog of a switch and moving cars coming down upon him ; 
the workman whose clothes are caught on the shaft of revolving 
machinery and who, as he believes, is being dragged inevitably to his 
doom — all these fall into a condition of nervous tension which brings 
about the condition of psychic shock and which deprives the individual 
absolutely of all feeling; and when the awful and dreadful moment does 
come, the injury is absolutely not felt at all. I have time and again 
questioned men who have been frightfully injured under conditions 
such as I have indicated, and always they have said they did not feel 
the crush at all. Even if no injury actually occurs, when the mind has 
been so wrought upon, the condition of shock is just as profound. This 
shock lasts a variable period, according to the individual. It is retro- 
active. 1 have many times known it to occur with impressionable 
individuals some time after an injury by recalling the scenes and horrors 
of the accidents. This, I think, explains many cases of so-called 
“delayed shock.” This variety of shock is lessened by an anesthetic, 
for the pulse and the arterial tension generally improve under the 
anesthetic when an operation is undertaken. The other forms of shock 
are discussed in Chapter XVIII. 

In treating shock, one must find out, if pwssible, what has produced 
the shock. The absence of any serious wound to the head or spinal 
column, and the fact that no great hemorrhage had taken place, would 
suggest psychic shock. For this form measures to restore heat to the 
surface, and the relaxing and soothing effect of a full dose of morphin 
with atropin given hypodermatically, will diminish the immediate 
urgency of the symptoms. In case an operation is necessary, ether, 
as a rule, may be given safely, and, as I said before, the pulse will 
improve and the color become better under the anesthetic. Afterward 
the greatest care must be observed to keep all suggestions of the circum- 
stances of the accident away from the patient. 

The second variety of shock requires careful and prolonged treat- 
ment. This is given in Vol. I., p. ^ • • i. 

The third variety, viz., from hemorrha^, is the one which is the 
most HifR ftiilt. to manage. This acute anemia is a most dangerous con- 
dition. Except the necessary manipulations and measures for abso- 
lutely controlling hemorrhag;e and introducing saline solution or blood. 



936 


SURGBBT OF ACCIDENTS. 


no sort of operation should be attempted during this condition. (See 
Vol. L, p 938.) Crile has recently suggested direct blood infusion 
by anastomosing an artery of the donor with a vein of the patient. 

After hemorrhage has been controlled, and if the generd condition 
of the patient will permit, the clothing should be removed. This should 
be done with very little disturbance of the patient in every case, the 
clothing being removed from the sound arm or leg first, and if replaced, 
put on the injured limb first. But in bad cases the clothing should be 
cut off and not be drawn over the extremity, as this requires too much 
movement and effort for the patient. In every case the clothing 
should be cut from any badly injured limb. 

It is presumed that the surgeon has a room provided with plenty 
of hot sterile water and with at least one of the ordinary antiseptics — 
either phenol, mercuric chlorid, or formaldehyd solution. A douche 
or irrigating apparatus is also necessary, and a sufficient supply of sterile 
absorbent gauze and cotton, besides roller bandages. Splints may be 
improvised. A table will be a great convenience, although not abro- 
lutely necessary. A piece of rubber cloth one yard square to put under 
the injured part and catch the water used in washing and douching 
is also a great convenience. By turning up the edges of this rubber 
cloth and keeping them elevated by some cloths rolled into a large rope 
and laid underneath, a receptacle and gutter may be made which will 
catch and drain the fluids off into a catch basin or pail, and thus save 
inundating the table and floor of the dressing-room. 

After everything necessaiy for the dressing is ready at hand, the 
outer clothing all removed, and the patient covered by clean warm 
blankets as thoroughly as the situation and nature of his wounds will 
permit, the surgeon should remove the temporary first-aid dressings, cover 
the wound with fresh sterile gauze or towels, and then carefully wash the 
surrounding skin with some soft soap or fluid soap — never with a cake 
of soap. If soap in a cake is the only kind to be had, it will be best to 
shave this off with a knife and liquefy it in one-fourth alcohol and three- 
fourths water, then use this fluid soap by pouring it on a packet of gauze. 
If very much soiled with oily soot, turpentine may be used to remove it. 
Shave the part carefully and thoroughly, scrub the skin by rubbing in 
the soap, then with a b^ or wad of gauze and sterile water thoroughly 
scrub off the soap and dirt; be careful always to rub in a direction away 
from the wound during the scrubbing process, so that the suds and dirt 
shall not be brought into the wound. Three or more applications of 
soap and scrubbing will be necessary. Wash off with sterile water, 
then wash with ether. Next wash thoroughly with 1 : 60 phenol solu- 
tion or 1 : 1 000 formalin or bichlorid of mercury solution. If the operat- 
ingsurgeon has conducted the foregoing cleansing, he must now stop and 
carefully wash and disinfect his own hands; if an assistant has done 
the washing of the patient, the surgeon should now be prepared with 
sterile han^ to go on with the further manipulations. The covering 
of the wound should now be removed, and the wound be thoroughly 
irrigated, first with simple hot saline solution to remove all loose matter, 
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and then very careful douching should be done with a warm 1: 1000 
mercuric bichlorid solution or 1: 5000 formaldehyd solution. This last 
is very painful in many caseS| as the formaldehyd is very irritating 
unl^s the patient is anesthetized. These disinfectant solutions should 
go into every part and crevice of the wound; they may afterwai'd be 
washed out with a hot sterile saline solution. Now the surgeon, witl 
hands resterilized, or with sterile rubber gloves on his hands, should 
carefully investigate the extent and severity of the wound, and decide 
what is necessary to be done. 

In case a limb is crushed completely off, it is not necessary to attempt 
any cleansing of the begrimed and lacerated tissues at the end of the 
stump. This stump-end should be carefully covered with thick layers 
of aseptic gauze, held in place by stitches through the skin or by a 
tight bandage, and the tourniquet should be kept on until the tissues 
are removed by amputation. No septic absorption will take place if this 
is done. In case amputation of a crushed limb is necessary, the cleans- 
ing and disinfecting processes just mentioned should be used over the 
skin of the extremity above the emsh, and, lastly, it should be further 
disinfected by a saturated solution of potassium permanganate, and this 
be washed off with a solution of oxalic acid. Then the amputation 
should be done immediately, the patient having been anesthetized 
before the cleansing was begun. 

The question with major accident cases is not, as a rule, whether 
one shall operate or not, for some operation must always be done after 
most major accidents: it is rather how much of an operation should be 
done and is any radical operation called for. While it is true that 
every ordinary major wound resulting from accidents is, rpw facto, 
a soiled and infected wound, and while it is in a great many cases 
impracticable thoroughly to disinfect the wounds unless an ablation 
of the part is done, nevertheless some very dreadful wounds do extremely 
well, and apparently hopeless injuries, as regards the life and usefulness 
of a limb, get well with fairly good function. I would, therefore, lay 
down the rule that in case hemorrhage may be controlled without the 
prolonged use of a tourniquet, and good disinfection may be obtained, 
in case of doubt, do only conservative operations after a fresh injury 
and wait for developments. 

As regards the question of amputation in injuries of the extremities, 
in a general way, whenever more than 6 cm. of the shaft of the bone 
of a limb is crushed, in view of the injury to the soft tissues, which the 
crushing force always produces in compound comminuted fractures, 
amputation is necessary. If the principal vessels high up in the arm 
or thigh are tom in cases of severe lacerated and contused wounds of 
the arms and thigh, an amputation will be required. In this con- 
nection one should always bear in mind the possibility of suturing^ or ot 
anastomosing the tom vessels, as suggested by Carrel.** ** If the tissues 
on the outer half of the arm, or posterior and external half of the thigh, 
were not badly injured, I should ligate the vessels and wait. 

In cases of very severe lacerated and contused wounds of the extrem- 
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ities; when the vessels and nerves, together with the muscles of half 
the limb are crushed, amputation will be necessary. When the skin of two- 
thirds of the periphery of a limb, though not broken, has been crushed 
and there is severe comminution of the muscles immediately beneath, 
an amputation is inevitable. Circular or annular comminutions and 
lacerations of the tissues nearly always require amputations. Severe 
comminution of the muscles is not an indication for amputation. Severe 
lacerated wounds running longitudinally or obliquely along the axis 
of a limb, though they involve all the soft tissues on that side, and 
though they extend through the whole forearm and arm, or the leg 
and thigh, are not indications for amputations. 

Conservative operations should be done immediately in every case 
of doubt, or in which they are unmistakably indicated, unless, as I have 
said before, the patient’s condition is such that no operation can be 
done. These operations are themselves frequently of major importance. 
Injuries to the head, for instance, may require removd of fragments 
of bone and blood-clots from the cerebral tissues, clearing out detritus, 
making provision for drainage, and doing some heteroplastic operation 
for closing the dura mater and the walls of the cranium. 

Injuries to the thorax may require exsection of jagged ribs which 
are puncturing the lungs, evacuation of fluid and clotted blood from the 
pleural cavity, and suturing the pulmonary to the parietal pleura to 
prevent collapse of the lung. 

Injuries to the abdomen not infrequently require celiotomy and 
suturing of lacerated viscera, occasionally of exsections of a viscus, 
cleansing of the peritoneal cavity, and drainage. 

Injuries to the limbs frequently require immediate suturing of torn 
tendons and nerves, suturing or ligation of blood-vessels, fixation of 
bones by wire or plate or nails, and suturing of muscles and large areas 
of skin. 

The cardinal principles in all this work are, first, cleanliness as 
nearly perfect as possible; second, bloodless methods of operating; 
third, good drainage. 

TREATMENT OF VERY SEVERE AND MULTIPLE INJURIES. 

The general treatment of" wounds is discussed in Vol. L, p. 882 . 
Though the conditions which belong to this chapter are those of mul- 
tiple injuries, and usually of a complicated kind, the same general 
principles apply. Multiple injuries lower the general resistance and 
reduce the opsonic index of the individual so much, however, that these 
wounds are much more liable to suppurate. It is necessary always 
to exercise extreme care in cleansing and disinfecting the wounds and 
their surroundings, to save every possible drop of blood, and always 
to procure the best possible drainage. Large mass aseptic dressings 
should be put on, and, when practicable, rest of the part should be 
secured by splints or careful bandaging. 

One class of injuries should, however, have at least separate men- 
tion— those produced by exjdostons. These injuries are lacerations of all 
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degrees of severity, and at the same time burns of the lacerated areas. 
The lacerations may be very extensive and multiple. Thus, I have 
seen avulsion of a hand and very extensive laceration of a shoulder 
and dreadful multiple lacerations of the face, as well os scorching of 
all these areas, in the same individual. The large lacerations and 
avulsions need no special mention, (^ases of innumerable punctate 
lacerations, if one may so describe them, with severe burning, result 
from blasting powders. The exposed parts, the face, neck, hands, and 
forearms, are usually especially involved. The lacerated punctures 
are produced by small bits of pebbles or bits of coal, which are driven 
through the skin by the explosion and lodged in the subcutaneous 
tissues. These bits vary in size from a millet-seed up to pieces the size 
of a hazel-nut, i. about 1 cm. in diameter The eyes are frequently in- 
volved and destroyed (Fig. 441). These cases are usually tremendously 
shocked. Unless the explosion has occurred on the surface of the 



Fig. 441 , — ^Explohion Accident. 

W'hole face and neck riddled by punctate lacemtione. Several hundred IntM nf stone are buried 
in tlie HubcuianeouB tisBues. DeBtruction of both eyen. 

ground, the bits of mineral matter driven into the subcutaneous tissues 
may produce no suppuration, but they will produce very marked 
discoloration if allowed to remain. They should always be removed 
from the face and eyes. On account of the weak condition of the 
patient, this cannot idl be done at the first permanent dressing, as the 
process is a very tedious one and often very painful; nor can efficient 
bathing be employed. The charring of the skin, however, sterilizes it 
quite effectually, unless some soiled application has been made to the 
injured area. It is best at the first dressing only carefully to investigate 
and remove the pebbles, powder, etc., from the eyes, and bathe them 
carefully with a saturated boric acid solution, and then hurriedly go over 
the other areas with a 1 per cent, solution of dioxid of hydrogen and 
apply a dry aseptic dressing. After a few days, when the superficial 
layers of the skin which have been burned begin to come away, the 
punctures may each be investigated and the stones, etc., removed with 
forceps. 
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GENERAL EFFECTS OF MULTIPLE INJURIES. 

On the Vascular System. — ^First, serious wounds always lower 
the blood-pressure.’^ Second, multiple injuries also markedly lessen 
the quantity of oxygen in the blood.’* This may be due, in part, to the 
slow, shallow respiration, but undoubtedly it is also due, in part, to the 
loss of red blood-corpuscles and to the inhibited cellular action which 
occurs immediately after a serious injury. Unless the patient is almost 
exsanguinated, the blood is much darker than it should be. 

This, by the way, is a strong reason for not using chloroform as an 
anesthetic after multiple or very serious injuries. 

On the Respiratory System.— The respiratory function is usually 
much depressed. Respiration is slow, shallow, and incomplete. Yawn- 
ing may occur frequently in order to supplement the incompetent 
inspiration. 

On the Nervous System. — Decided dulling of both tactile and 
sensory functions is usual, and all afferent impulses are slow and fre- 
quently irregular. Coordination is good, but slow. The nerves of 
special sense, especially those of hearing, smeU, and taste, besides the 
tactile nerves, are frequently so obtunded that they scorn for the time 
paralyzed. 

On the Muscular System. — General and complete relaxation of the 
muscles is the rule. The sphincters are so relaxed that involuntary 
passages of feces and urine frequently occur. 

On the Secreting Organs. — The digestive organs are weak, the 
saliva and the gastric and intestinal juices are diminished, and the 
actions of the liver and pancreas are very much diminished. Consti- 
pation usually occurs, stools are hard and light colored, and I have 
frequently noted temporary glycosuria. 

On the Exerting Organs.— Skin. — At first the action of the skin 
is also markedly diminished. After reaction takes place the sweat- 
glands are sometimes unusually active. Very marked sweating occurs 
in many cases after some multiple injuries for two or three days. 

On the Kidneys.— In order to determine the effects of severe and 
multiple injuries on the kidneys I had a series of careful exammations 
made, and found that the quantity of urine for the first week after the 
injury is nearly always diminished — ^in very bad cases markedly so. 
Reaction is oftenest ^kaline. Uric acid is usually increased. Urea 
is markedly diminished. The degree of variation of the chlorids is 
not especially important. The total solids are lessened, especially in 
bad cases. Bums frequently develop temporary nephritis. Bad frac- 
tures sometimes have leukocytes and degenera^ red blood-corpuscles 
as well as excess of urates in the urine. Albumin very rarely appears, 
except when nephritis develops after bums. As a rule, the microscopic 
findings are not important, except after fractures of large bones or 
of several bones, as noted above. 
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THE RELATIVE FREQUENCY OF THE VARIOUS KINDS OF INJURIES. 

There are no reliable statistics published to show the relative number 
of injuries of various kinds which result from accidents. In order 
to determine this point I have analyzed 4065 accident cases which have 
been treated in my service at St. Luke’s Hospital, South Bethlehem, Pa. 
In this service have been accidents from railroads, factories of various 
kinds, coal-mines, and various kinds of quarries, besides all sorts of 
accidents of home life. 

There were: 


285 

CbntU8ioii8. . . 510 

LaccratiouH. . . ’ ’ ’ 040 

Comminutions !!!!!! 499 

Avulsions 282 

\ 

Dislocations 8.5 

Sprains 78 

Gunshot wounds 99 

Incised w’ounds 52 

Total 1065 


One notes in going over these figures that fractures were more than 
twice as frequent as any other one variety of injury; the compound and 
complicated fractures outnumbered the simple fractures. 

Next to fractures, lacerated wounds were most frequent; then came 
contused wounds and comminutions; burns and avulsions are very 
close together; dislocations, sprains, gunshot, and incised wounds 
were comparatively few; 3246 of the cases were treated conservatively; 
63 of these cases were admitted in hopeless (moribund) conditions. 
Leaving these out of account, there were 127 deatlis, or 4.08 per cent, 
mortality of cases treated conservatively. The average number of 
days for each patient in the hospital of the cases treated conservatively 
was 23.03. 

Eight hundred and twenty of the cases required amputations. 

There were 726 singlo amputations, with a mortality of 4.95 per cent. 

There were 84 double amputations, with a mortality of 14.28 per cent. 

There were 10 triple amputations, with a mortality of 30.00 per cent. 

The average number of days in the hospital of amputation cases was 

22 . 6 . . . . 

The above figures show that conservative measures that is, efforts 
to save an injured member without amputation resulted in a lower 
mortality than did amputations. Amputations were followed by a 
mortality of 20.4 per cent, of all the injuries requiring amputation, 
while the mortality of the cases treated conservatively was only 4.08 
per cent. Even simple amputations show a higher rate of mortality 
(4.96 per cent.) than that foUowing conservative treatment (4.08 per 
cent.) . Amputation is resorted to in my service only in cases which seem 
to present absolutely no hope of saving the limb. These cases may be 
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regarded as of a severer type of injury, and, as a rule, they had lost a 
great deal of blood before they arrived at the hospital. The higher 
mortality after amputations may be thus accounted for. The average 
number of days in the hospital is 1.43 less for the amputation cases. 
This is so little, however, that it offers no argument against conservatism. 

As the saving of time is a very important element in operating on 
severe and multiple injuries, synchronous operations should always be 
done when one has an assistant who has sufficient training to do one 
of the indicated operations properly and expeditiously. 1 found this 
synchronous method of operating materially reduced the mortality 
in my own cases. 

RESULTS AND SEQUELE OF SEVERE MULTIPLE INJURIES. 

Of the cases the statistics of which have just been given, only 20 
of the conservatively treated are recorded as unimproved — 2268 were 
cured — that is, restored to usefulness, and 777 were improved — that is, 
restored to partial but not complete function. As noted, the average 
stay in the hospital was 24.03 days. In most of the cases, while they 
had their functions sufficiently restored to caie for themselves, they 
were not in a condition to return to their work when they left the hos- 
pital. A generous estimate for the period of actual disability would 
be to double the hospital period; this would make the average time lost 
from work 48.06 days for each case. 

Malingering among working-people (mechanics, miners, and laborers) 
is very rare. Of over 6000 hospital cases of accidents which have come 
under my care and observation, I can recall not more than a half-dozen 
cases of malingering. It is quite another story when it comes to the so- 
called better classes. 1 have known many more cases among the “ travel- 
ing public.” 

The nearly related ailment, so-called traumatic neurasthenia, which 
I believe, in the large majority of cases is either conscious or unconscious 
(subconscious) malingering, is also very rare among working-people. 
Unima^native people are usually not subject to these ailments. In 
my experience nervous, imaginative, “high-strung” individuals are apt 
to suffer from traumatic neurasthenia after accidents. For a full con- 
sideration of the subject, see Vol. II., p. 759. 

ACCIDENTS FROM ELECTRIC CURRENTS. 

Tesla has shown that alternating electric currents of immensely 
high potentialities may be safely received by the human body if they 
be of small amperage (small quantity). These currents do not enter 
the body, but pass over the skin; conversely, currents of comparatively 
large amperage may be safely received if the tension (voltage) is very 
low. The dangerous currents are those of high voltage and of con- 
siderable amperage. The ordinary arc-light currents, and currents 
which serve as motor power for cars of various kinds, are highly dan- 
gerous, as they run from 200 to 1000 or more volts, and have variable. 
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^ amplr^, depending upon the power behind the 
P,wL ‘dangerous current is that established by short 

circuiting a strong current-aa, for instance, in the case of a man with 

» switch-board, if he were to allow the 
metallic end of the handle to come in contact with a terminal while 
screwing down another one with the wrench, tremendous heat would be 
developed, a violent fl^h would occur, the wrench would be suddenly 
melted, and the mms face and hands would be severely bumeci. 
SeS*^ ^ current, produce the same 


Mectric currents, therefore, produce two varieties of injuries; fiist, 
shocks of various severity, and, second, shocks and very stwero burns. 
Ihe immediate effect of a strong electric cumnt is to produce a tetanic 
contraction of the muscles, sti that if a person grusiw a live wire, he 
may not bo able to loosen liis hold, and on this account he mav lie 
held in the circuit of the (mmnt until he is relaxed by death. Tlio 
first thing to do, therefore, in rendering aid to a person who has been or 
is shocked is to be very sure to remove him from any physical connec- 
tion with the live wire or whatever other conductor with which he mjiy 
be in contact. Any one who attempts to remove the person shocked 
should remember that as long as the current is passing through the body 
or any member of the affected person this will serve as a conductor for 
^nding the current through the rescuer; the aid-giver may himself be 
instantly in need of assistance. Of course, when it may be done imme- 
diately, or very soon, the best thing would be to have the current turned 
off. This is, however, usually not practicable in time to save the vhftim, 
and the shocked man must himself be removed fnnn the current. One 
who does this should be careful to cover his hands with a silk handker- 
chief, or putonheavy woolen gloves, or leather gloveslined with wool(ruli- 
ber gloves are, of course, the best, if they can be had), and be very careful 
not to stand in a puddle of water or on a wet surface. If the ground 
is wet (and in any event it is safer), it will be best for him to remove 
his coat, rapidly fold it, put it on the gniund, and stand on this while 
pulling the man away from the current, with hands well covered and 
protected as indicated above. The rescuer should be careful not 
to touch anything metallic (buttons, etc.) about the clothes of the 
affected individual. He should beware, therefore, of grasping him near 
his waist and hips, where his pockets are located, as they may con- 
tain ke 3 rs, a knife, or some other metallic article. 


TSEATIKENT OF ELECTRIC SHOCK. 

Fortunately, it has been possible, by repeated examination of eleo- 
trocuted criminals (Kratter," McDonald,*’ Spitaka,** Van Gicsen**), 
to determine that the histologic effect of Icthd currents of electricity 
is very slight. In a small number of cases a few very slight changes 
have been found near the third or fourth ventricle of the brain — chiefly 
small capillary hemorrhages. Cunningham,’*fromhisexperiment8on dogs, 
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concludes that the current does not paralyze the muscles of the heart. 
It has been determined also that no chemical change occurs in the 
nerve-cells of the heart, but that death is due to the disturbance of the 
coordinating center of the heaii;. In addition it has been determined 
that no chemical change occurs in the cells and fluids of the tissues by 
the action of the strong electric currents.^^ 

Crile and McLeod have recently made some experiments which 
show (see Chapter IL, Vol. I., p. 89) *Hhat there is a marked and 
most important distinction between the cases in which the collapse 
is due to the passing of the current through the heart muscle, and 
those in which the current passed through the inhibitory mechanism.” 
These observers noted “that when the heart action was stopped — as 
would very readily occur — by passing a strong electric current through 
the vagi nerves, the animal could readily be resuscitated; when, however, 
the current passed through the heart itself, no effort at resuscitation 
availed.” They further noted “that when a physiologic dose of 
atropin was administered before the current was turned on, tlius 
paralyzing the inhibitory filaments of the vagi in the heart, the inhibitory 
effect of the current was almost wholly obviated.” 

All these observations and exi)eriinents go to establish the following 
practical facts: First, powerful tetanic spasms of all the muscles occur 
through the violent irritation of both the afferent nerves and of tlie 
muscular tissue itself. Secondly, no markedly harmful histologic change 
is produced in any case, and in the majority of cases no appn>ciabie 
histologic change is found, and no chemical change in the tissue occurs.*® 
Thirdly, the violence and suddenness of the irritation produce very rapid 
exhaustion of the innervating mechanism of the muscles, and in some 
cases so disorganize this mechanism that no subsequent coordinate cell- 
ular action is possible. 

Many cases of shock from powerful currents arc, therefore, essentially 
hopeless from the beginning. It is, hovrever, impossible to determine 
which these cases are when one first sees them, and, inasmuch as many 
patients may be resuscitated, one should faithfully try to restore the 
life of the patient in every case which is seen in time. 

Unfortunately, a physician rarely sees a case of collapse from electric 
shock in time to resuscitate the individual. He may, however, teach 
men who are exposed to such accidents how to handle them. 

The first indication is to restore the respiratory function as soon as 
possible, at the same time endeavoring mechanically to stimulate the 
heart. These two indications may be met by laying the person down 
on his back, placing a rolled-up coat, a small log, or any other convenient 
rounded object under him at the level of the angle of his scapulsB in 
order to bring the heart forward and nearer to the surface; then make 
firm and rhythmic pressure on the left chest and upper part of the 
abdomen in order to press upon the ventricles of the heart, as well as 
the walls of the thorax. The tongue should be drawn outward and 
upward, and it should also be drawn rhythmically forward and pushed 
backward — not more frequently than twenty times a minute — in order 
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to assist in establishing respiration. Artificial respiration should be 
employed for at least an hour before giving up any case as hopeless. 
Hypodermic injections of atropin, nitroglycerin, camphor, and spartein 
may also be of service. Strychnin and digitalis, I think, are contra- 
indicated. I have found that shocked individuals have a sensation of 
cold. Spitzka has shown, however, that the muscular and surface heat 
in electrocuted individuals is very high, especially in the neighborhood of 
the electrode placed on the leg. Nevertheless, the indication certainly 
is to apply external heat by hot-water bags, hot bricks, etc., and blankets. 
After partial restoration the patient may have a rigor anti vomit; one 
should watch for the vomiting, and be ready to turn the patient so that 
the vomited matter shall not get into his larynx. After a shock, the 
injured man, even if he were not made unconscious, is very much 
“shaken^' and feels weak and nervous for some time. Workers in 
electricity are accustomed themselves to perform a sort of personal 
artificial respiration after a shock, by raising their upper extremities 
and lowering them time and again while taking long full breaths. A 
very intelligent and very experienced workman informed me that he 
could usually return to his work after a shock if he did this, unless he 
were made absolutely unconscious. He would feel weak and shaky 
the balance of the day, however, and he would frequently have a head- 
ache. A single personal experience with a heavy shock, which knocked 
me over and produced momentary unconsciousness, caused the feeling 
and left me in the condition detailed by the old electrician, noted above. 

Persons who have been resuscitated from oollajjse and those who 
have endured heavy currents should rest absolutely for a time. They 
should be given no food except, perhaps, some hot broth or bouillon, 
for a number of hours. Hot black coffee is useful as soon as it can be 
swallowed and retained. A mild sedative may \yc nec^cssary for two 
or three nights to procure sleep for a nervous individual. 

Burns produced by electric currents are usually iiitractalile and 
very slow to heal. They should be treated as any other deep burn. 

ACCIDENTS FROM GASES.‘ 

The two cases which produce accidents in home life are, first, coal- 
gas, carbon dioxid (CO 2 ), and, second, carbon monoxid (CO). These 
gases may be introduced into a living apartment or bedroom from a 
defective flue or improperly managed hot air-fumaces, or from stoves, 
especially the latter. 

Carbon dioxid (COj) is a purely negative poison, and is injurious 
because it cuts off oxygen from the lungs. By freely opening all 
windows and doors and allowing the gas to escape, or by carrying an 
asphyxiated person out into the fresh air, if the reflexes are not abolished, 
recovery is prompt. If the reflex respiratory stimuli no longer act, 
then artificial respiration should be resorted to, and in extreme cases 
bleeding may be employed and the blood extracted be replaced by an 
equal quantity of saline solution introduced into the vein at a tem- 

1 See also p. 1223. 
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perature of 105 ® F. Oxygen gas may also be used by inflation. Strych- 
nin and atropin sulphate given hypodermically will be of service when 
the respiration has been partially established. 

Asphyxiation from carbon monoxid (CO) is an extremely dangerous 
condition, and one very difficult to treat successfully. This gas comes 
from burning coal or coke directly in a room, as a rule, or from illumi- 
nating gas. The hot coals, and sometimes red-hot porous cast iron, 
will take up an atom of oxygen from the COj, and discharge GO into 
the atmosphere. This gas is a direct and virulent poison. It causes 
rapid destruction of the red corpuscles. Measures of relief must be 
directed toward not only obtaining pure fresh air for the asphyxiated 
person, but also for forcing air into his lungs by artificial respiration, 
and especially by inflation of oxygen under pressure into his trachea. 
A quantity of the vitiated blood should be withdrawn by venesection 
and be replaced by transfused blood from a healthy person if possible, 
or, failing this, saline infusions may be used to replace the blood. After 
the ** attack,” the patient will be very weak and pale and will require 
careful restorative treatment. 

AGQDENTS FROM ILLUMINATING GAS.^ 

The modem method of manufacturing illuminating gas from the 
decomposition of water and the addition of petroleum compounds has 
resulted in the furnishing of a very impure qudity of gas, highly charged 
with carbon monoxid (CO). This is a very dangerous product. 
Asphyxiation from this water-gas is, as a rule, very deadly. Exposure 
to pure fresh air, inhalation of oxygen, artificial respiration, and, in 
short, the same treatment as recommended above for carbon-monoxid 
gas poisoning should be emp oyed. The hypodermic use of strychnin 
and atropin must also be vigorously employed, according to the severity 
of the poisoning. 

In the “American Journal of the Medical Sciences” (October, 1907) 
Crile also recommends infusion of blood, by his direct method of 
infusion, for treatment of poisoning by illuminating gas. 

Dr. J. Chalmers Da Costa published in “The Therapeutic Gazette” 
(March, 1903) a paper on “The Effects of the Inhalation of Smoke,” 
etc., to which I wish to refer. This paper deals with the effects and 
treatment of the inhalation of smoke and fumes of acids and ammonia. 
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SURGERY OF THE PARATHYROID BODIES. 

By Charles H. Mayo, M. D., 

UOCHESTEll, MINNKHOTA. 

History. — Very little has been added to our knowledge of the 
structure of the parathyroid glandules since the careful description 
of their anatomy and histology by Sandstroem^ in 1880. The name 
“glanduhe parathyroidem,” which he gave to these organs, has since 
been generally accepted. Following Sandstroem, Rogowitz,^ Christiani,* 
Zielenska,* and Hurthle’ respectively described in various animals 
glands which were evidently parathyroids, but which they considered 
embryonic thyroid tissue. In 1895 Kohn,* under the term “epithelial 
capsules,” noted the presence of 4 parathyroids per individuiU in the 
cat, dog, and rabbit. Schaper,^ in 1895, reported his observations on 
5 cases in man, in 1 of which he found 6 parathyroids. Muller," in 
1896, reported on the examination of 92 cases in man, besides certain 
laboratory animals. 

An exhaustive paper by D. A. Welsh,” in 1898, gave a full analysis 
of the anatomy and histology of the parathyroids. He found, in nearly 
all of 40 cases in man, two glands on each side, which he named accord- 
ing to their position as “posterior superior” and “anterior inferior.” 
He described also two types of cells, “principal” and “ox 3 rphil,” and 
four types each of their various arrangements. Schreiber,’” in 1898, 
reported that, embryologically, the parathyroids develop from a single 
symmetric anlage whose epithelial cell-masses are subsequently sepa- 
rated, forming two or more pairs of glands. 

During the last decade a great number of writers have contributed 
evidence as to the number, location, blood-supply, etc., of the parathy- 
roids in man. (See Bibliography, Nos. 11 to 19.) 

Concerning our knowledge of the function of the parathyroids we 
are indebted to Gley"” for the suggestion that the removal of the para- 
thyroids is the cause of the tetanic symptoms occurring in animals ^ter 
thyroidectomy. His work has been confirmed by many authors. (See 
Bibliography, Nos. 21 to 38.) 

Moussu*” is responsible for the unsupported hypothesis that para- 
thyroid insufficiency is the cause of exophthalmic goiter, while a num- 
ber of authors, including Moussu,** Vassale and Oenerali,”^ and Jean- 
delize,’* have suggested that various convulsions may be due to de- 
generation or absence of the parathyroids. Lundberg” advanced the 
hypothesis that paralysis agitans is due to the same cause. This latter 
048 
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hypothesis, however, has been shown to be unsupported by Thompson^® 
in a careful study of 9 cases. 

The work on the transplantation of the parathyroids will be referred 
to later. 

^ Anatomy. ^The parathyroid bodies are ovoid organs, usually four 
in number, situated on the posterior surface of the lateral lobes of the 
thyroid gland in two pairs, superior and inferior. Thompson and 
Harris^® find at least four glandules in 90 per cent, of routine autopsies 
(Figs. 442, 44;^). ^ 

The superior pair lies against the posterior wall of the esophagus, 
somewhat above the level of the lower edge of the cricoid cartilage, 



Fia. 442.— Showing Position of Vbhbblb and Rotation opGlanp.Ovbe and AcHUMi Tuachba. 

PoBTEKioR Capsule in the Fibld of Vessels. (Drawn by Mws t loreiice Byriicj* f«ir Dr. C. 

H. Mayo.) 

internal to the posterior border of the lateral lobe of the thyroul gland 
and anterior to the prevertebral fascia. They are usually behind the 
lateral thyroid ligaments, though this relationship is far from constant. 
While the height is usudly as above stated, this pair of glands may 
be found as high as the inferior horn of the thyroid cartilage, or as low 
as the tenth tracheal ring. 

The inferior pair is commonly more anteriorly placed than the 
superior. They usually lie against the sides of the trachea,^ near the 
ends of the rings, under cover of the lower end of the thyroid. They 
always lie in front of the inferior thyroid artery; they usually lie as 
low as the tenth tracheal ring. Haisted" (Fig. 443), by means of a 
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composite chart based on 67 dissections, has shown that the parar 
thyroids may be found at any level from the superior to the inferior 
pole on the postero-intemal surface of the thyroid, most commonly just 
internal to the rounded postero-external border, and quite regularly 
near the site of the distribution of the terminal branches of the inferior 
thyroid artery. Occasionally a third pair of ^ands is found, usually 
placed lateral to the line of the middle pair and well below them. Rogers 
and Ferguson'* call attention to the occasional occurrence of considerable 
parathyroid tissue, found in string-like masses along the lateral margins 
of the thyroids. From the above facts is apparent the extreme diffi- 
culty in determming with any degree of accuracy, in either the dead 



Fig. 443.— Showing Blood Supply and ANAaroiioais or Ybbricls. 

Panthyroids behind capoule. Tmohea seotioned, showinR the recurrent laryngeal nerve. (Drawn 
by Mias Florence Byrnes for Dr. C. JI. Mayo.) 

I 

or the living subject, the total amount or the entire absence of para- 
th}rroid tissue. 

Halsted** finds no difficulty in identifying the parathyroids with 
the naked eye in the course of an operation. While this may be true 
of the more marked glands, it seems to me almost impossible to differ- 
entiate small, eccentrically placed, unusually colored glands from ac- 
cessory thyroids, fat, and lymphatics, without histologic examination. 
This accords also with Rogers and Ferguson’s experience, who found 
that of 189 pieces of human tissue removed as presumably containing 
parath 3 rroid glands, only 61 pieces, or 32 per cent., were shown by 
microscopic examination to contain this organ. 

The parathyroids are apparently always separated from the thy- 
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roid by a capsule, though occasionally they are found imbedded within 
more or less completely closed invagmations of the thyroid capsule. 

Evans** has made a careful study of the blood-supply of the para- 
thyroids, and summarizes his observations as follows: 

*'(1) The parathyroid glands are always supplied by definite para- 
thyroid arteries which enter them in each case at the hilus. 

“(2) The parathyroid arteries, superior and inferior, usually arise 
from the inferior thyroid, but frequently they take their origin from 
the anastomosing channel between the inferior and superior thyroid 
vessels (Halsted’s ‘line of anastomosis’). 



“(3) Few, if indeed any, direct vascular connections normally 
exist between the parathyroid glands and the connective-tissue envel- 
opes of the thyroid” (Figs. 444, 445). 

Ginsburg calls attention to the secondary accessory blood-supply 
for the parathyroids through the anastomotic channels from the thyroid 
arteries of the opposite side, and suggests that, smee the hgation of 
both the superior and the inferior thyroid oidsMte the capsule would not 
disturb the blood-supply through this anastomom, we 
the explanation of the failure of tetany to develop m certam cases of 

bilateral thyroidectomy. . . « k 

The ^ds are usually 6 or 7 mm. long, 3 to 4 mm. wide, and 2 to 5 
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mm. thick, though all of these dimensions may vaiy greatly. Their 
usual weight is about 0.035 gm., though they may weigh as much as 
0.2 gm. From the varying amount of fat and blood which they con- 
tain their color varies from light creamy yellow to dark reddish brown. 
Often they may be distinguished by their color contrasting with that 
of the surrounding tissue. The surface is smooth, each gland being 
covered by a delicate fibrous capsule which subdivides it into lobules. 
The connective tissue of the septa supports the blood-vessels and, finally, 
subdivides the lobules, usually into anastomosing columns of densely 
packed epithelial cells. 



I.P.B. 


Fio. 446.— Lbft Thyroid Lobb Vibwbd from Behind. (Ginsburg.) 

ShowH unuHual position and blood supply of superior parathyroid body, rendering body likely 
of removal in lobectomy: S. T. A .. Supenor thyroid artery; S. 1*. B., superior parathyroid body; 
P,A., parathyroid artery; I. T. inferior thyroid artery; i.P.B., inferior parathyroid body. 
(Reduced one-sixth natural size.) 

Histology. — ^The cells are of two types, spoken of as “principal ” (Fig. 
446) and “functional.” The former are relatively small cells, with large, 
deeply staining nuclei and feebly staining cytoplasm. They constitute 
the bulk of the gland, and whUe they may vary in shape, size, and 
staming properties, size of the nucleus, etc., they are always readily 
recognizable. They are sometimes distributed with no distinct lobula- 
tion, being packed irregularly and in direct contact with each other, 
thus assummg polyhedral shapes. In some areas the principal cells 
are arranged much like those of the thyroid, forming definite acini which 
may contam colloid material. 

The so-called “ functional ” (Fig. 447) cells are considerably larger than 
the piincipal cells, and consist of readily stainable acidophilic granular 
cytoplasm and small, densely staining nuclei. They are much less 
numerous than the principal cells, and, mdeed, may be entirely absent 
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Fio. 446. — Principal Cbllb. (After E. H. Fool.) 
(Photomicrograph reproduced from Tetany Farothyreopriva.") 



Fio. 447.— Mamb» of Oxtfhilf Cilui. (After E. H. Pool.) 
(Photomiorognph reproduced from “ Tetany Pamthyreopriva.") 


from a given gland. When present, th^ are usually in small islands 
oontaining, in section, three to twenty cells, each scattered irregularly 
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throughout the gland. Occasionally they make up acini or short col- 
umns. 

The glands may then be conceived of as small, grape-like clusters 
of fat-laden epithelial cells, with a fairly good vascular supply, held 
together, for the most part, by exceedingly delicate membranes, and 
arranged in some areas as irregularly as the cells of lymph-nodes and 
in others as definitely grouped as those of the thyroid. 

^ Embryology.— The parathyroids develop from the third and fourth 
pairs of the branchial clefts. Initially, they are small, well-marked- 
off masses of cells, completely segregated from the thyroids. There 
is little to indicate that the parathyroids are embryonal thyroid tissue, 
as has been supposed. The glands become attached to the thyroid only 
secondarily in the course of their development. 

Physiology. — ^The study which these glands have received recently 
has materially changed our ideas concerning their chemistry and phys- 
iology. Most writers up to three or four years ago state definitely that 
the parathyroids contain a large percentage of iodin. Recent observers, 
however, discredit this, many of them going so far as to state that in 
man, at least, iodin may t)e entirely absent from the gland, and sug- 
gesting that the observations previously made may have confused 
accessory thyroids with parathyroids. The statement that the gland 
contains a. considerable quantity of colloid must also apparently be 
modified, since the evidence of the presence of colloid usually rests 
upon a staining reaction only. Some recent observers fail to find 
any colloid^ whatever in the gland. It would appear not improbable 
that when it is present in the acini of the gland, it may be considered 
as a retention complement. 

When the parathyroids are all removed from a carnivorous animal, 
it usually quickly dies of tetany. On the other hand, when the glands 
are all extirpated from herbivorous animals, in a large number of in- 
stances no untoward symptoms whatever appear. This marked disparity 
of results in the two groups of animals has been explained on the hy- 
pothesis that parathsrroid tissue may be more widely distributed in the 
herbivorous group than in the carnivorous, and hence its complete 
removal be rarely or never accomplished. It seems more probable, 
however, that the parath}rroids are not so essential to metabolic equi- 
librium in the herbivora as in the carnivora. Indeed, there is a pos- 
sibility that this may be true in man — an omnivorous animal — as well as 
in the herbivora. There are some cases on record of the apparent 
complete removal, e. g., during the thyroidectomy for carcinoma, of all 
of the parathyroids, without the subsequent development of any tetanic 
symptoms. On the whole, the function of the gland seems. to be the 
elaboration of an internal secretion, which, carried to the tissues by 
the lymph- and blood-stream, assists in preserving metabolic equilibrium 
either by supplying an essential stimulant to some other glands or organs, 
or by neutralizing some absorbed toxins or excessively produced secre- 
tions. This latter hypothesis would seem to be supported by the fre- 
quently repeated observations that tetany of parathyroidectomized 
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animals may be temporarily relieved by free bleeding, and copious in- 
jections of salt solutions * MacCaUum and Voegtlin" have shown 
that in the pyathyroidectomized dog, during tetany, the calcium 
content of the blood is only about one-half that of the normal dog on the 
same diet. They suggest the working hypothesis that "the parathyroids 
control m some way the calcium metabolism, so that upon their removal 
a rapid excretion, possibly associated with inadequate absorption and 
assimilation, deprives the tissues of calcium salts.” They have been 
able temporarUy to control tetany in the dog by the administration of 
calcium salts (acetate and lactate) in 6 per cent, solution intravenously 
or by stomach. 

Pathology* — Like other glands, the parathyroids are subject to paren- 
chymatous hyperplasias, cystic and fatty degenerations, fibrous and fatty 
infiltrations, etc. Thompson and Harris have collected the bibliog- 
raphy of various pathologic changes. (See Bibliography, Nos. 51 to 75.) 

A careful study of their summary seems to show that so far no rela- 
tionship has been traced between pathologic changes in tlie parencliyma 
of the glands and any symptoms the patient may have exhibited during 
life. 

Surgery. — Our knowledge of the parathyroids has been derived 
from accidental findings through their injury in operating for goiter 
and from experimen al work. This would indic.ate that these liodies 
are remarkably free from diseasi^s which require surgical treatment. 
Da Costa,*”* in reporting an operation for hyperplasia of the parathyroids, 
also reported 7 other cases, all of hyperplasia or adenomatous growths, 
5 of which were found at autopsy. 

Since a microscopic examination is necessary in order to differen- 
tiate the parathyroid from the thyroid tissue, it is possible that some 
of these former bodies have been removed as goiters. It is probable, 
also, that with the greater increase of surgical treatment of the thyroid 
we ^all soon have more reported cases of parathyroid tumors. 

Indirectly, the parathyroids are of great surgical importance from 
the possibility of their injury or the cutting off of their blood supply 
(Halsted^) during operations upon the thyroid gland. While tetany 
may follow various diseases and infections, when it appears after an 
operation upon the thyroid it will indicate injury to these bodies or the 
loss of parathyroid secretion. In the description of such a case of tetany 
Pool** corroborates that given by Frankl Hochwart^ that "tetany para- 
thyreopriva” is characterized by certain very striking symptoms which 
render it practically unmistakable. The most conspicuous of these are 
intermittent tonic spasms of the voluntary muscles, those of the ex- 
tremities being most effected. A' salient feature is the exclusive in- 
volvement of the flexor groups of muscles. Intercurrent contractures 
of the fascial muscles are relatively rare, and the muscles of the chest, 
back, and abdomen participate in exceptional cases only. The tetanic 
spasms are usually preceded by certain prodromata which persist for 
a variable period before the onset of the attack. There include headache, 
sensations of weakness or prostration, more or less rigidity of the hmbs, 

e See postscript on page 961. 
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radiating pains, and clonic twitchings. The contractions usually 
begin in the hands and subsequently involve the feet; less often the 
feet are effected coincidentally or independently. The spasms are almost 
always symmetric and bilateral. As a rule, two or more of the fingers 
are flexed and the thumbs are forcibly abducted, sometimes tightly 
clasped by the contracting digits. In 60 per cent, of these cases the 
wrist also becomes flexed, while flexion of the forearm, with abduction of 
the arm to the trunk, occurs infrequently. Exceptionally, the fingers 
are held wide apart, the terminal phalanges alone being flexed. The 
feet, when involved, take the position of pes equinus or equinovarus, 
as a result of contraction of muscles of the calf. In the contractions 
of tetany the affected muscles become very hard to the touch and oppose 
a powerful resistance to attempts at passive relaxation. Should this 
prove successful,, the tetanic attitude is at once resumed when the 
traction diminishes. Fibrillary twitchings are sometimes visible in the 
contracteil muscles. The duration of an attack may not exceed a few 
minutes or the attack may last for a number of hours, but it rarely 
persists as long as forty-eight hours. The termination of a tetanic 
spasm is frequently preced^ by symptoms resembling those observed 
at the onset. 

While there may be a free interval of days or weeks between the 
attacks, unfortunately this is far from being the rule. There are gen- 
erally several attacks in the course of a day, whereas the patient's rest 
at night is unbroken. In the severest cases one attack follows another 
with alarming rapidity. 

Trousseau^® assumes three distinct degrees of tetany based upon 
the distribution of the spasms: first, a mild form, affecting the peripheral 
muscles only; some of these attacks may even be limited to the hands; 
second, a moderate form, with involvement of the facial, abdominal, 
and trunk muscles; third, a severe form, extending to the involuntary 
muscles. 

Besides the attacks of spasms, there are other manifestations of 
the disease. Certain disturbances of sensation are regularly present, 
especially pain, which is a constant concomitant of the spasms. Hyper- 
esthesia, paresthesia, or anesthesia also may be noted. Temporary 
redness and edema are not infrequently observed over the joints. 
Trophic and secretory anomalies, such as sweating, loss of hair, and 
changes in the nails, are not very uncommon. 

Of particular significance as bearing on the diagnosis are the tests 
of Chvostek, Trousseau, and Erb.^® In two-thirds of all cases of tetany 
it is possible to demonstrate Trousseau’s phenomenon. This consists 
in the occurrence of a tetanic spasm in a limb as the result of compression 
of its main vessels and nerve-tnmks. By the animal experiments 
of Frankl Hochwart and Kashida this phenomenon has been shown to 
depend upon the stimulation of the nerves. 

Chvostek pointed out the facial phenomenon which can be elicited 
in tetanic patients by gently tapping over the area of distribution of 
the facial nerve. The resulting short twitchings are known as Chvos- 
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tek's symptom, which is especially valuable by reason of the simple 
technic required for its demonstration. 

Erb called attention to the fact that electric hyperexcitability of 
the motor nerves is re^larly present in these cases. There is a marked 
increase of galvanic irritability, especially in the ulnar nerves, whereas 
an increased reaction to the faradic current is far less constant. The 
value of the two tests, dependent upon stretching the nerves of the 
brachial plexus and the sciatic nerve, cannot be estimated properly 
until repeated trials have been made in further cases. 

The tendon reflexes are normal or increased. A certain number 
of cases — ^too numerous to be interpreted as an accidental coincidence — 
present a combination of tetany with typical epileptic seizures. These 
symptoms have sometimes been observed Jiftcr thyroidectomy in indi- 
viduals previously free from nervous symptoms, and a possible con- 
nection between epilepsy and tetany has accordingly been suggested. 
Certain authors also include among the symptoms of tetany tlie hysteric 
attacks which are occasionally present {cf, Frankl Hochwart). 

The course of tetany following thyroidectc^my has been divided 
by Frankl Hochwart into three classes: First, cases characterized by 
onset soon after operation, severe course, and fatal outcome; second, 
cases in which the symptoms appear soon after oi)cration, l;)ut subside 
after a variable time and are followed by recovery; third, cases in which 
the patients live and symptoms of myxedema become associated in 
variable degree with those of tetany.’^ 

In the treatment of tetany following goiter operations the admin- 
istration of the thyroid and parathyroid glands and their products 
has been thoroughly tried. Improvement of the symptoms of tetany 
have been noted by Hofifman,®® Levy-Dorn,*‘ Westphal,“ ami others 
following the feeding of thyroid, while Lowenthal and Wicbrocht*® 
believe the good results obtained were from feeding the mixed glands — 
thyroid and parathyroid. Most observers have seen no results from 
this treatment. Temporary relief has been obtained by venesection 
followed by infusion of saline solution. 

Serum treatment (Beebe's”) has been spoken of, notably by Halsted, 
in reporting a chronic case of tetany as favorable but transient. ^ The 
same patient was previously treated by feeding dried parathyroids of 
beeves. Later these were substituted for fresh glands. He says: 
“Their exhibition was by mouth only, as pn)longed hypodermic ad- 
ministration of the crushed glands could not, it seems to us, be endured, 
owing to the physical properties of the emulsion, the bulkiness of the 
dose, and the annoyance and danger from the hardly avoidable infection. 
The patient promptly discoveted, as did we, that the dried glands, a 
nauseous dose, seemed less effective than the fresh. 

“In preparation for ingestion the fresh glands were carefully freed 
from fat, chopp^ very fine, and served on thin, crisp water-crackers. 
The dried powdered glands were usually given in gelatin capsules." 

Transplantation of the parathyroids has been under experimental 
study for wme time, with a varying degree of success. Payr” shows 
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that the tissues which have only internal secretion are the best for trans- 
planting. Parenchymatous organs in whole or m part have been suc- 
cessfully transplanted in animals of the same species. The trans- 
planting of such tissues into animals of different species, and from 
animal to man, has not been successful. The tissue is absorbed, the 
temporary results obtained being due to this process. 

Christian^ states that, when it is necessary to preserve for a brief 
period tissue to be transplanted, it should be in the serum of the same 
species of animal, since salt solution, used for this purpose, is toxic. 

There has been considerable discussion as to the best site for the 
implantation— subcutaneous, extraperitoneal, and intraperitoneal, omen- 
tum, or spleen. PayY** has shown in several cases both thyroid and para- 
thyroid tissue living after a considerable period imbedded in the spleen. 
Lcischncr" has been successful in transplanting them prcpcritoncally in 
rats. Pfeiftcr, Herman, and Mayer^* succeeded twice in puppies. 

Pool, who has experimentally transplanted the parathyroids in 
rabbits and dogs, questions whether the limited number of good results 
could have come from that cause. There is always the possibility of 
existing accessory parathyroids. 

Halsted*^ has given a brief summary of his experimental work as 
follows: 

"Transplanted parathyroids (autografts) may, for an undetermined 
time, perform at least the most evident function of these bodies. 

"One successfully transplanted parathyroid may sufficic to maintain 
a fair degree of health; traces of hypoparathyroidism may persist. 

"In autotransplantation success is more common than failure. 

"Heterotransplantation rarely succeeds. 

"For the successful transplantation of these organs a deficiency 
of parathyroid tissue should be created. 

"Transplanted m excess of what is required by the organism, para- 
thyroid glands do not survive. 

" Excised or deprived of their blood supply in the course of an opera- 
tion parathyroids should probably be reimplanted, preferably into the 
thyroid gland. 

"Complete excision of the thyroid lobes is well borne for months, 
at least, by animab. Myxedema begins to manifest itself in a few 
weeks.” 

From experimentally produced tetany in dogs, MacCallum and 
Voegtlin* recommend the administration of lactate of calcium for 
immediate relief until the parathyroids of animals cru be transplanted. 
The dosage of lactate of calcium for dogs as given by them is 50 to 
100 cc. of a 4 per cent, solution by mouth, or 10 cc. of a 5 per cent, 
solution intravenously. 

From what has been presented, the unsettled condition of our knowl- 
edge of the parathsnoids is quite evident; and yet order is beginning 
to appear. To judge from the variation in the number, size, position, 
and blood supply of the parathyroids, one would think that nature has 
varied from her usual care in regard to such matters, as manifested 
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in other organs of much less importance. However, the lesson to be 
learned is similar to that already settled concerning the thyroid — i. e., 
(1) to leave part of the thyroid to prevent myxedema, and (2) to pre- 
serve uninjured at least half of the parathyroids, and all if possible. 
Since the risk occurs only in goiter operations, wc must consider what is 
the safest type of operation upon the thyroid. 

In our operative experienee of over 1000 goiters wo have seen no 
tetany. Many of these operations were performed before the import- 
anee of the parathyroids was known, and it is possible that the opera- 
tive methods employed tended to their preservation. 

In discussing the technic of thyroidectomy I have called attention 
to the importance of preserving the posterior capsule.** During 
thyroidectomy in 4 cases where only one parathyroid was removed, 
there were no symptoms, cither immediate or late, that could be at- 
tributed to this cause. 

In operating for the relief of goiter the surgical procedures which 
might injure the parathyroids are: (1) ligation of arteries in the treat- 
ment of early or mild cases of Graves’ disease, and in the mont severe 
forms of hyperthyroidism as a graduated operative procedure; (2) 
thyroidectomy. 

The free anastomosis of vessels m the thyroid with the active and 
excessive circulation which is characteristic of hyperthyroidism renders 
such injury improbable. This is also true of the extirpation of one lobe 
and the isthmus in exophthalmic goiter if the posterior capsule is pre- 
served by incising it along the lateral border of the thyroid gland, brush- 
ing it back with gauze and applying forceps to the numerous vessels 
which enter the capsule and are seen as the gland is rotated over the 
trachea. The same method is employed in operating for colloid goiter 
where extirpation of one lobe is advisable. 

If both lobes of the gland and isthmus require reduction, the extirpa- 
tion method should be applied only on one side, the remainder of the 
gland being reduced by some form of partial enucleation or resection 
as advocated by Mikulicz, who resected both sides with approximation 
of the gland tissue, hemorrhage control being secured by a locking 
suture. Apparently the greatest risk of hyppparathyroidism is from 
secondary operations upon the remaining enlarged lobe following a 
previous extirpation of one lobe of a colloid goiter. 

In the rounded encapsulated adenoma or cyst tumors of the thyroid 
the surgical indications are for enucleation of the tumors with as little 
injury to the surrounding tissue and thyroid gland as possible. In 
operating according to this method there need be no fear of parathyroid 
injury. 

Operation upon the parathyroid bodies, which will nearly always 
be undertaken in the belief that the operation is for goiter, requires 
the iM-me meigipn, exposure, and care as in an operation for goiter (Fig. 
448). 

A criticism that can be quite generally applied to all surgery of 
the neck is that severe and desperate procedures are often undertaken 
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through small and badly placed incisions, and that the operation is 
advanced until the simple technic becomes complicated in an effort 
to save structures which arc of little importance and which could be 
easily readjusted if interfered with. 

We prefer the transverse collar incision with elevation of the unsepa- 
rated skin and platysma muscle sufBcient to expose the sternal attached 



muscles. A vertical incision separates the hyoid muscle in the midline 
to the thyroid body. 

These muscles may. be severed above their nerve supply opposite 
the thyroid cartilage on one or possibly both sides, should it be advan- 
tageous to secure free exposure. 

Section of one sternohyoid muscle above is risually sufficient to 
facilitate the dissection of the upper pole of the thyroid and permit 
Uie careful ligation of the superior thyroid artery. It is from this 
'artery after goiter operations that secondary hemorrhage usualfy^ 
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occurs, and it is due to muscle fibers being included in the ligature 
(Fig. 449). 

During operation it is best to preserve all small gland-likc masses 
found about the capsule of the thyroid, as they may be parathyroids. 
If a parathyroid body is removed, it should at once be implanted beneath 
some part of the capsule of the remaining thyroid. After some expe- 
rience the operator may identify many of the glands at sight. 



Fia. 449.>^iiowing Musclb Sutuhe Near Attachment ani> iNTBiiutcKiNH Sutuub or Cut 

Glani>. 

Wounds are, as a rule, temporarily drained. The incisions are 
closed by subcuticular suture of platysma and skin. 

Operations are preceded by yiir gr. solution of atropin with ( gr. 
solution of morphin. Ether given by the open method is the anesthetic 
preferred, although cocain may occasionally bo indicatcid for various 
reasons. 

While this chapter was in the hands of the printer, Kocher” pub- 
lished the transplantation of thyroid tissue in the tibia of a dog previ- 
ously parathyroidectomized. The animal showed no symptoms of 
tetany when the transplanted tissue was removed. 

Thompson, Leighton, and Swarts'^^ have repeated and confirmed 
Kocher^s experiment, and in addition apparently prevented tetany in 
parathyroidectomized dogs by packing the opening in an animal’s tibia 
with cotton wet with bichlorid of mercury. These experiments, along 
with the observations of Vincent and Thompson (Mrs.)” on a compara- 
tive embryology and physiology of the thyroid, would seem to reopen 
the whole question of the related function of these two glands. 

VpL. V— 61 
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CHAPTER LXXrX. 


THE INTRACRANIAL SURGERY OF THE FIFTH (TRI- 
GEMINAL) AND THE EIGHTH (AUDITORY) NERVES. 

Bt Chablks H. Fhazibr, M. D., 

PHILADELPHIA. 


L THE TRIGEmNAL NERVE (N. TRIGEMINUS). 

In a considoration of the intracranial operations upon the fifth 
cranial nerve (N. trigeminus), it is assumed that we have to do only 
with the major or epileptiform neuralgias, at least for the most part, 
bearing in mind, however, that by pn^ssure or infiltration a neighboring 
tumor of the brain or skull may so involve the ganglion of Gasser as to 
require surgical intervention if only to afford temporary relief. The 
intrtuiranial operations are called for when the symptoms indicate the 
involvement of more than one division, and when the frequency and 
severity of the paroxysms bespeak the gravest type of the disease, and 
are undertaken usually when other measures have been tried and 
failed. The majority of patients presenting themelves for operation 
are past middle life, and usually have submitted to various methods 
of treatment, including the administration of internal remedies, the 
extraction of teeth, the treatment of suspected sinus di8cas<;, alcohol 
injections, and a number of peripheral operations. They are worn out 
with intense suffering and sleepier nights, are poorly nourished, and 
often addicted to the use of morphin or alcohol in large quantities. 
While often not the most favorable subjects for operation, nevertheless, 
by the avoidance of hemorrhage, shock, and infection, the chances of 
immediate recovely with absolute and complete cessation of symptoms 
are greater than after a great many other major operations. 

As to the pathogenesis of trigeminal neuralgia there is no unanimity 
of opinion. Excluding primary or secondary involvement of the 
ganglion by malignant tumor, there are a number of instances of genuine 
major neuralgia in which demonstrable lesions of the ganglion or its 
divisions have been conspicuous by their absence. On the other hand, 
certam cellular changes have been found m the ganglion of patients 
suffering from tic douloureux, while precisely the same changes have 
been found when tic douloureux did not exist (Caminiti). The disease 
may be of central origin— that is, from a lesion in the pons, in the 
se^ry root, or in the ganglion itself; the ganglion may be involved 
primarily or secondarily to diseases of the peripheral branches. In a 
064 
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worf, there remains to bo found a lesion, either central or peripheral, 
which 18 either coMtant or characteristic. This view is held by such 
authorities as bpiller, Hutchinson, and Krause. ^ 

nf pIm “ centuiy ago Dr. J. Ewing Meaw, 

of Phdadelphia, advocated extraction of the Gasserian ganglion for 
mt^tab^e c^s of tic douloureux. While this proposal was made 
m 1884, the first successful operation was performed by Kose m 1890 
and repeated m 1891, and in the same year Horsley, failing in an 
attempt to remove the ganglion, avulsed the sensory root, but tho 
patient did not survive the operation. Since that time a number of 
important contnbutions to the subject have been made, and by a process 
of evolution and elimination a technic has been elaborated and so 
perfected that the operation, far from being the dangerous and hazardous 
piocedure of a decade ago, is attended with a mortality quite as low 
as, if not lower, than many other of the more common major surgical 
procedures. The reduction of the mortality is in large measure due 
to the fact^that it h^ been found unnecessary to remove the ganglion 
in toto. It is interesting to see how, chronologically considered, the steps 
of the operation have been simplified. At first it was thought best to 
remove the ganglion in toto, and the unsuccessful attempts in the early 
days were responsible for many cases of so-called n'currence. Later 
on some surgeons advocated the removal of only the outer and posterior 
portion of the ganglion (Horsley, Hutchinson, Jr.); still later, the 
division of the second and third divisions, with the interposition of 
foreign material to prevent re^neration, was proposed (Abbe), and, 
finally, Spillcr proposed the division or avulsion of the sensory root, 
leavmg the ganglion wholly intact. While the foundation stone was 
laid by Mears in 1884, the Imystonc of the arch was set in 1901 when 
Spillcr proved that if once it is divided the sensory root would not 
regenerate itself. This may be said to be the last consequential con- 
tribution to the development of tho technic of the central operation. 

Anatomic Consideration. — No operation demands a greater famil- 
iarity with the anatomic relations, and especially with the frequent 
variations from the normal. The ganglion itself is situated on the 
apex of the petrous portion of tho temporal bone, in the cavum Meckelii. 
To its inner side will be found the cavernous sinus and the third, fourth, 
and sixth cranial nerves (NN, oculomotor, trochlcaris, and abducens), 
of which the latter bears the closest relation, and is, therefore, most 
exposed to trauma (Fig. 450). The ganglion itself is somewhat crescen- 
tic in form, measures approximately 2 by 1 cm., and is enclosed in a spe- 
cial dural sheath (dura propria). The latter must always be mcised and 
reflected before the ganglion itoelf comes into view. Generally speaking, 
the dura propria adheres firmly to the underlying gan^ion, i^t at a 
point where the superior maxillary division enters the foramen rotundum 
it is most easfly separated. The blood-supply of the ganglion is derived 
from a branch of the middle meningeal artery and a small branch of 
the internal carotid artery. They enter the gan^ion from its under 
surface; consequently, in attempts at detraction, the most profuse and 
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troublesome hemorrhage is not encountered imtil the attempt is made 
to dislodge the ganglion from its bed. The foramen spinosum, through 
which the middle meningeal artery penetrates the base of the skull, is 
to the outer side of the ganglion, sometimes anterior, sometimes pos- 
terior to the foramen ovale. In an examination of some fifty skulls, 
Am 3 rx called attention to this great variation in the course of the middle 
meningeal. In some instances he found it between the foramen rotun- 
dum and foramen ovale; in some it was not present at all, and in some 
it was found internal to the foramen ovale. Bartlett and Ddllinger 
have also observed this variation between the foramina spinosum, 
ovale, and rotundum. In 6 per cent, of his cases Ddllinger found the 
foramen spmosum in front of the anterior border of the foramen ovale. 



Fig. 450 .— G.\hhekian Ganglion of Lbi-t Side Viewed from Above: Sensory and Motor 

Roots and Three Divisions ok Trigeminal Nerve are Seen. (Piereors Anatomy.) 

thus rendering the third branch maccessible. In the majority of in- 
stances, therefore, and this is the practical significance of these anatomic 
considerations, the middle meningeal artery at its emergence from the 
foramen interferes with the direct approach to the posterior portion 
of the ganglion and its sensory root. In order, therefore, to render 
these accessible it is necessary to ligate and divide the artery. 

If, on the other hand, for one reason or another the operator prefers 
to depend upon the removal of the ganglionic structure as a means of 
permanent relief, he should be content, providing, of course, the opthal- 
mic division is not involved, with the removal of only the lower portion 
of it with the second and third divisions rather than attempt total 
extraction. Both from practical and theoretic considerations, Hutch- 
inson has made out a strong case in favor of this method; in the 
vast majority of instances only the second and third divisions are 
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involved, and it has been proved by clinical results that in each instance 
there will be no recurrence, even though the inner aspect and the 
ophth^mic division are left intact. In 1906 he had carried out this 
operation upon 7^ patients, and they had been entirely free from 
recurrence for periods raging from two to s(?veii years. With this 
modification of thes technic of total extraction (1) thei'e is no anesthesia 
of the cornea, and hence no risk of loss of the eye; (2) there should be 
no danger of injuring the oculomotor nerves or of wounding the cav- 
ernous sinus; and (3) the severity of the operation is i-endered less, the 
degree of hemorrhage and the chance of injurious pressure on the brain 
both being materially diminished. Abbe’s operation, somewhat sim- 
ilar to Hutchinson’s, in that only the second and third divisions are 
dealt with, docs not give the same guarantee against n'curronce. As a 
matter of fact, once the ganglion and th(?sc two divisions have been 
exposed, the most tedious part of the operation has been completed, 
and after the second and third divisions have bc'on divided at their 
respective foramina (Abbe) it adds but little to the time and difficulties 
to remove the adjacent portion of the ganglion (Hutchinson). We have, 
therefore, apart from other considerations, practically four methods 
from which to choose; namely, the division of the root, total extraction 
of the ganglion, extraction of the portion adjacent to the second and 
third divisions, and simple division of the latter with interiiosition of 
some foreign material. Apart from those, there are a numlx'r of other 
important technical considerations, not the least of which is the method 
of approach. 

Method of Approach. — Of these them are a number — viz: the 
pterygoid route (Rose), now more or less olisfilete, the Hartley-Krausc 
or temporal route, still practiscxl, but not so universally, the infratem- 
poral route (Lexer-Cushing), the zygomatic-basal mute (Doyen and 
Qu^nu), and the auriculotemporal (Frazier). The ideal approach is 
one which will give an adequate (‘xposure of the ganglion itself without 
exerting too much pressure upon the brain, one which does not necessi- 
tate the division of the upper or temporofacial branch of the facial 
nerve, and one which causes the least disfigurement. Krause’s incision 
is the only one in which the upper branch of the facial neivc is scu'iously 
exposed to injury. In the infratemporal route thc‘rc is a possibility 
of injuring that subdivision of the temporofacial branch which sup- 
plies the occipitofrontalis and corrugator supercilii, although the inner- 
vation to the orbicularis palpebrarum is only partially disturb(?d, as 
it also receives a supply from the malar and infra-orbital branches. 
Kocher’s, the I^xer-Cushing, and the author’s incision offer the surest 
guarantee of safety to the facial nerve. (So much stress would not be 
laid upon the importance of leaving the nerve intact did it not play 
so important a part in the etiolo^ of keratitis, and this, after all, 
with the possible ultimate enucleation of the eye, is the most serious 
of the operative sequelse.) 

As to the selection and size of the owning in the sloill, there is some 
difference of opinion. The lower margin of the opening should extend 
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down to within a reasonable distance of the ganglion, a convenient limit 
being the infratemporal crest. If one attempts to remove the bone as 
far as the foramina — a practice of the French school of surgeons — 
troublesome hemorrhage may arise from the pterygoid plexus of veins, 
and this in itself may be a serious if not a fatal complication (Krause's 
experience). The thickness of bone at the base of the skull is another 
objection to this practice. On the other hand, it is not necessary to 
have the upi^r margin of the opening extend as high as in the Hartley- 
Krause opening. To be precise, an opening 3 cm. in diameter, measured 
from the infratemporal crest, will meet all the indications. A majority 
of surgeons resect the zygoma, either temporarily or permanently, as a 
matter of convenience, though in my own experience this has not been 
found necessary. 

Control of Hemorrhage* — At one time hemorrhage was considered 
the most serious obstacle to the successful operation on the ganglion 
and, together with infection and shock, was responsible for the greatest 
number of fatalities. The larger one's experience, the less consideration 
is given to hemorrhage as more than a troublesome feature. It is 
curious what a degree of variation in the amount of hemorrhage one 
experiences in a given series of cases. As a rule, the older the patient 
the freer the bleeding, but even to this statement there are marked 
excerptions. When spoken of in connection with operations upon the 
ganglion, we have in mind the bleeding which occurs when the dura is 
being separated from the base of the skull, and the nearer to the ganglion 
the freer the bleeding. It is mostly venous in origin, from the diploic 
veins. As a means of controlling hemorrhage, preliminary ligation of 
the external carotid artery has been practised, but the results scarcely 
justify the procedure. In one of Fowler's cases even after preliminary 
ligation bleeding was so abundant as to necessitate postponement of 
the first stage of the operation. There are but two really effective 
methods of hemostasis, the tampon and posture. By intelligently and 
judiciously placed tampons, introduced on cither side of the avenue of 
approach, hemorrhage from this source may be controlled, and to 
control bleeding from the depths of the wound — that is, in the immediate 
neighborhood of the ganglion — there is no better way than to make 
direct pressure over the ganglion with the end of the retractor, which, 
being constantly in the wound, is always available for this purpose. 
The habit of filling the wound temporarily with a tampon so large as 
to obscure the entire field is objectionable in that it involves consider- 
able delay. By introducing small strips of gauze directly over the 
bleeding points the operation may continue, as a rule, without interrup- 
tion. ^ Occasionally excessive heat may be employed to advantage by 
wringing the tampons out of boiling water just before they are intro- 
duced. 

Posture* — ^Following the su^estion of Von Bergmann, the patient 
should be placed in the semivertical or erect posture. It serves a two- 
fold purpose, first in that it has a decided influence in controlling hemor- 
rhage, and, secondly, with the stage of the operating table properly 
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adjusted it places the field of operation directly on a level with the eye 
of the operator (Fig. 451). 

Ligation of the Middie Meningeal Artery.— Sufficient has 
^ready b^n said conceming the topography of the foramen spinosum 
in ite relation to the ganglion, at least, to suggest the rationale of resoi’ting 
to ligation as a routine procedure. However, this is a matter in which 
with individual operators there is some difference of opinion j thus 
Lexer, Krause, Kocher, and Frazier ligate the artery in every case. 
It requires but a moment or two to apply the ligature, and after the 
artery has been divided distal to the ligature, the ganglion, at least .the 
posterior part with its sensory root, is much more easy of access. 

Without a word as to the cavernous sinus, any discussion of the 
problem of hemorrhage would be incomplete. The sinus has been 
injured a number of times, but only in attempts at extracting the gan- 
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glion. Though not of necessity fatal, hemorrhages from the sinus may 
be alarming, and in examining the records of fatal cases it will be 
noticed that in many instances the operation has been accompanied 
by such profuse bleeding as to necessitate its abandonment, at least 
for the time being. As a matter of fact. Lexer regarded injury to the 
sinus as almost unavoidable, and in 10 out of his first 14 cases because 
of severe bleeding the operation had to be divided into two stages. 
One of the strongest arguments in favor of the “sensory root,” the 
Abbe, or Hutchinson operations is the preservation of the integrity 
of the sinus and adjacent nerves. 

Whether or not the sygoma should be resected is a matter of little 
consequence. Probably the majority of operators prefer either tem- 
porary or permanent resection, ^though the advantage to be gained 
have never seemed to justify the additional time it requires. 
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The trigeminal nerve in many respects resembles a spinal nerve, in 
that it has a sensory root bearing a ganglion and a motor root.. A 
further analogy may be drawn between the two, in that in either case 
once divided the sensory root will not undergo regeneration. The 
latter, composed only of the axones of the Gasserian neurones, leaves 
the posterior aspects of the ganglion and passes backward and inward 
through an opening in the dura mater, beneath the attachment of the 
tentorium cerebelli, to the posterior clinoid process. At this point, 
corresponding to the apex of the petrous bone, it enters the posterior 
fossa, traversing the latter to enter the brain-stem on the lateral aspect 
of the pons. 

The motor root, which is distributed eventually to the muscles of 
mastication, the mylohyoid, and anterior belly of the digastric, after 
leaving the pons, follows the same course as the sensory root, and then 
passes behind the ganglion to become an integral part of the mandibular 
division. Being very much smaller than the sensory root and situated 
behind it, the possibility of isolating one from the other before the 
sensory root is divided is very remote. So that after an operation 
having for its object the division of the sensory root, paralysis of the 
muscles supplied by the motor root is an almost constant sequel; I say 
almost constant, because at least in one of my cases, judging from the 
absence of paralyis of the masseter muscle, the motor root must have 
been preserved. 

It should bo remembered, too, that the temporal muscle also receives 
its nerve impulses through the motor root, so that as the muscle atro- 
phies one must expect to see a well-marked depression in the fossa above 
the zygoma, ordinarily filled with the temporal musclCi . 

The middle meningeal artery, entering the skull through the foramen 
spinosum, passes upward and outward along the great wing of the 
sphenoid, where it divides into an anterior and a posterior branch. Its 
coui'se can be readily followed down to its foramen when the region is 
exposed in the temporal approach to the ganglion. At the anterior 
inferior angle of the parietal bone is a groove or, in some instances, a 
closed canal (Sulcus arteriosus) to accommodate the anterior branch. 
To avoid lacerating the vessel and so to avoid troublesome hemorrhage 
the opening in the skull should be made low enough to avoid this portion 
of the parietal bone. 

One of the most important of the anatomic considerations is the 
relation of the facial nerve to the musculocutaneous incision. If the 
upper or temporofacial branch is cut, paralysis of the orbicularis pal- 
pebrarum will follow with inability to close the eye. Not only is this 
an unnecessary and conspicuous disfigurement, but may prove to be 
the determining factor in the production of an ulcerative eratitis. 
The latter is obviously so serious a complication that every precautionary 
measure must be adopted. Whatever the method of approach, there- 
fore, the incision must be so fashioned as to leave unharmed this branch 
of the facial nerve. The temporofacial branch crosses the zygoma 
about midway between its anterior and posterior attachments, traversing 
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a line drawn from a point just in front of the external auditory meatus 
to the external angular process of the frontal bone. But befom reaching 
this process the temporofacial division brt^aks up into several branches 
— the temporal, malar, infra-orbital — and of these each gives fibers to 
some portion of the orbicularis. 

Of the bony processes, one should have a definite picture of the 
position of the infratemporal crest at the base of the skull, and of the 
variation in the distance between the crest and the ganglion. In most 
operations the opening in the skull is made to extend as far down as 
the infratemporal crest; the distance one must traverse from this point 
till one reaches the ganglion varies according to the shape of the skull. 
In the brachiocephalic skull the distance between those two points may 
be greater by from 1 to 2 centimeters than in the dolichocephalic 
skull. 

Technic. — Many methods of exposing the Gasserian ganglion have 
been proposed at various times. After the suggestion of Mears, in 1884, 
and the operations by Rose, in 1890 and 1891 , in which he employed the 
pterygoid route, the most noteworthy contribution was made simul- 
taneously, but quite independently of one another, I)y Hartley, of 
New York, and Krause, of Altoona, in the year 1892. Hitherto none 
other than the pterygoid route had been proposed, but shortly after 
the Hartley-Krause contribution Horsley proposed the temporary 
resection of the zygoma and an approach to the ganglion by the tem- 
porosphcnoidal route, an operation subso(j[uently advocated by Poirier 
in 1897. From that time to the present many modifications to one or 
the other of the three original methods have bc'on suggested, the mo.st 
noteworthy by Keen, Tiffany, Kocher, Horsley, Hutchinson, Jr., Cushing, 
Abbe, and Spiller. To these must credit be given for the wonderful 
transformation from the somewhat hazardous undertaking of a decade 
or two ago to the eminently satisfactory stage of the modc'ni technic. 
A description will be given of four of the most commonly used methods, 
but for the uninitiated in this field of surgery a word of warning should 
be given to any contemplating an operation upon the living subject 
before he has bc^come proficient by repeated operations on the cadaver, 
no matter what method he chooses to employ. Even after he has 
familiarized himself with the steps of the operation on the cadaver he 
will be more or less embarrassed at his first experience on the living 
subject by the more, or less continuous oozing — a troublesome feature 
— ^to which his work on the cadaver will not accustom him. Finally, 
in his selection of a method he must choose that which in his own hands 
he finds the most effective; that is, the one which he executes with the 
least risk not only to the life of the patient, but with the minimum 
damage to the structures in the operative territory. 

Discussion of^ Various OperaMve Procedures , — For reasons already 
given, the ‘‘sensory root” operation is believed to be the operation of 
choice. Even to the impartial observer there can be no doubt that it 
is easier to avulse the root than to remove all or a portion of the gan^ion. 
As Bryant says, “Should the outcome show that failure of regeneration 
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of the divided or resected nerve prevents the return of the afSiction, 
indeed, will the technic be simjjlified and the dangers and sequels 
correspondingly lessened , '' 

The Two-stage Operation. — ^This should be regarded only as a 
resort of necessity and not of choice, and it will be necessary only 
in exceptional instances. In my own series of 28 cases it was re- 
sorted to only twice, and in one the source of hemorrhage was a large 
vascular tumor at the base of the skull with secondary involvement of 
the ganglion. The objections to the two-stage operation are self- 
evident; first, there is the risk and annoyance of a second anesthetiza- 
tion; second, there is the risk of infection, since the tampon introduced 
into the wound to control hemorrhage serves as an avenue of infliction; 
and third, what is of more serious moment, the continued pressure 
of the tampon on the cortex has caused such pressure phenomena as 
aphasia and even hemiplegia. On an average, the operation should 
be completed in from one to two hours; with the patient carefully 
anesthetized and propiirly protected against exposure, there is no reason 
why the operation should not be completed in one stage. There may 
be exceptional instances in which, because of persistent bleeding or 
the intolerance of the patient to the operative procedure, it may be 
more prudent to postpone the final stage of the operation for a few days. 

The Hartiey-Krause Method. — A horseshoo-shaped incision is 
made down to the bone, beginning just behind the external angular 
process of the frontal bone and terminating in front of the tragus. 
The superior margin of the flap corresponds to the supratemporal ridge 
and the base of the flap to the zygoma. The corresponding underlying 
bone is divided along the lines of the musculocutaneous incision, and 
the osteoplastic flap thus formed is reflected. In this procedure the 
middle meningeal artery or its branches may be tom and hemorrhage 
should be controlled by ligation. The zygoma is not resected. The 
ganglion and its divisions arc then exposed by separating the dura and 
cautiously raising the brain from the middle fossa. The second and 
third divisions are exposed and traced backward to the ganglion. 
After the latter has been thoroughly isolated, it is seized with hemo- 
static forceps, the second and third divisions divided with scissors at 
their point of entrance into the foramina, then, by rotating the forceps, 
the remainder of the ganglion, together with the motor root, is torn 
from its bed. 

The Lexer-Cushing Method of Exposure.— The essential feature 
of this method is the low position of the incision as compared with the 
high Hartiey-Krause incision. The latter is described as the temporal 
and the former as the infratemporal root. The anterior limb of the 
Lexer incision terminates just behind the frontal process of the malar 
bone. The anterior limb of the Cushing incision is still shorter. The 
posterior end of the incision of both terminates a finger’s breadth in 
front of the ear over the root of the zygoma. Lexer reflects the zygoma 
temporarily and Gushing removes it. After separatmg the musculo- 
cutaneous flap and the periosteum from the under surface of the great 
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ring of the sphenoid as far as the infratemporal crest, on opening is made 
in the skull and enlarged forward, backward, and downward, almost 
as far as the foramen ovale. The upper margin of the opening should 
be below the sulcus arteriosus of the anterior inferior angle of the parietal 
bone. Lexer ligates the middle meningeal artery in all cases, Cushing 
does not. Both recommend in all cases the removal of the ganglion 
in toto. 

Horsley’s Method. — His method of exposure corresponds very 
closely with that just above described. Homley, however, concludes 
the operation with the complete extraction of the ganglion in the 
following way: ‘‘The anterior and superior bordc^rs of the ganglion, 
having been divided with a sector and raised by pulling up fn)m its 
bed, it is then separated by dividing the inf(n*u)r division, then the 
middle division, and, finally, by detachment of the superior divisions of 
the ganglion. The ganglion is then drawn up until it is found that the 
sensory and motor roots have become detached from the pons and is 
extracted in its full length.'' 

Kocher’s Method. — This differs radically from all others in that 
the incision is made with the convexity downward, beginning about 
1 cm. behind the frontal process of the malar bon(5 and extending 
obliquely downward to just below the root of the zygoma. It is carried 
from this point at right angles upward, just in front of the ear. This 
incision is designed especially to avoid injuring the upper branch of 
the facial nerve. The temporal arteries are ligated and the temporal 
fascia and periosteum separated from the upper end of the zygoma; 
the latter is temporarily resected. The opening of the skull (extends 
down almost as far as the foramina ovale and rotundum and upward 
for a distance of 3 cm., separating the dura from the base of the skull; 
the middle meningeal artery is ligated and the maxillary division of 
the nerve exposed. At this point the dura propria is divided and 
dissected backward sufficiently to expose the posterior aspect of the 
ganglion. The sensory root is picked up on a hook, grasped with 
forceps, and slowly avulsed. Kocher has not seen a case of recurrence 
after this plan of operation. 

Hutchinson’s Method.— An oval musculocutaneous flap is reflected, 
having its base at the zygoma and its upper end H inches above, its 
posterior border running toward the condyle of the lower jaw. Upon 
reflecting the flap several branches of the temporal artery are secured 
with forceps, and an opening in the skull made with a trephine midway 
between the external auditory meatus and the external angular process 
of the frontal bone. The opening is enlarged with Hoffman's forceps 
as far as the infratemporal crest, and after detaching the dura from the 
floor of the middle fossa the inferior and superior maxillary divisions 
are thoroughly exposed. The dural sheath of the ganglion is^ detached 
in an upward and backward direction until the greater portion of the 
ganglion has been exposed; with a narrow-bladed knife or tenotome 
the inferior and superior maxillary divisions are cut cleanly across, 
just above the foramina, the gan^ion grasped with toothed forceps, 
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and the outer two-thirds removed. That portion in relation to the 
ophthalmic division and the ophthalmic division itself are left intact. 
Hutchinson believes in some cases it is impossible to expose the ganglia 
sufficiently without tying and dividing the middle 
^ menmgeal artery. 

Abbe Method. — In 1903 Abbe suggested a simpli- 
fication of the more radical procedures, which con- 
sisted in dividing the inferior and superior maxillary 
divisions, followed by the interposition of rubber 
tissue or a rubber disk to prevent regeneration of 
the nerve. The ganglion is left intact. He has 
been able to obtain sufficient exposure of the struc- 
tures through a vertical incision, and in this respect 
the technic differs from the others hitherto described. 

The Spiller-Frazier Method (Division of the 
Sensory EotA, by the Auricidotemporal Route ). — ^The 
essential features of this operation is the division 
or avulsion of the sensory root exclusively without 
interfering with the ganglion itself. The approach 
to the ganglion is made through an opening some- 
what posterior to that employed by other surgeons. 
The center of this opening is about on a line with 
the point at which the sensory root passes into the 
ganfdion. Inasmuch as this method docs not neces- 
sitate exposure of the anterior portion of the gan- 
glion, including its first and second divisions, this 
method of approach is preferred. Under nitrous 
oxid ether anesthesia, preceded by the administration 
of a hypodermic injection of morphin (grain and 
atropin sulphate (grain riv)) with the patient m the 
vertical posture, a horseshoe-shaped incision is made, 
beginning about the middle of the zygoma and 
terminating behind and a little below the helix of 
the ear. The musculocutaneous flap, purposely 
made a little larger than the opening in the skull, is 
reflected, the skull opened, and the opening, with a 
diameter not exceeding 3 cm., enlarged as far as the 
infratemporal crest (Fig. 454). The dura is sepa- 
rated from the base of the skull with a blunt instru- 
ment, such as the handle of a scalpel, as far as the 
foramen spinosum, where the middle meningeal 
arteiy is ligated and divided distal to the ligature 
(Fig. 455). The dura propria is incised directly over the mandibular 
division and dissected from the superior surface of the ganglion backward 
and inward until the sensory root is exposed. If the motor root can be 
recognized, it should be isolated. The sensory root is then picked up 
wi^ a blunt hook, grasped with forceps, and either divided or avulsed 
(Fig. 456). Hemorrhage is controlled throughout the course of the 


Fia. 452. — Blvnt 
Hook Employed 
IN THE SeNBOBY 
Root Opebatxon. 


THE TRIGEMINAL NERVE. 


975 


operation by strips of gauze not more than 1 cm. in width, introduced 
to either side of the avenue of approach in such a way as not to interfere 
with the continuation of the operation. As soon as the sensory root 
has been divided the anesthetic is discontinued, inasmuch as all the 
structures in the field of operation have been rendered anesthetic and 



Fio. 453.*— Special Ligature Carrier for Ligation of the Mii}|>i.£ Meningeal Aktert. 

the patient will experience no piun in the subsequent steps of the 
operation. When the reflexes have returned, the conjunctival reflexes 
should be tested m order to assure the operator that no fibers of the 
sensory root remain undivided. The musculocutaneous flap is closed 
with tier sutures and a small narrow strip of rubber tissue introduced 



in the posterior angle of the wound. It » almort always ne^ssary 

to provSe for the escape of blo^, inasmuch as only 

the field be entirely diy when the operatwn is concluded. The rubber 

tissue is removed within twenty-four or forty-eight houre. ^ 

Division of the sensory root was first practis^ by F^ier m IWl, 
and since that time has been used almost exclusively. There has been 
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no evidence of regeneration of the sensory root. The advantages 
claimed for this operation over extirpation of the ganglion arc: first, 
that it is attended with less hemorrhage because the ganglion is not 
raised from its bed. In extirpation of the ganglion the most troublesome 
bleeding is experienced at this stage of the operation; second, it does 
not expose to injury the adjacent structures — viz., the cavernous sinus 
and the three cranial nerves; third, it is possible, though very rarely, 
to preserve the motor root and thereby avoid disturbance of the func- 
tions of the muscles of mastication; and. finally, there is less likelihood 
of ulceration of the cornea. 



Fig. 455.— Rblation op Sthucturb8 in the Middle Cerebral Fobba in the Approach to 

THE Ganglion. 

Hie bnin has been elevated with a as retractor as far as the foramen spinosum. A ligature 
is being passed around the middle meningeal arteiy. 


The patient, directly or indirectly through his physician consulting 
a surgeon as to whether or not he should submit to an intracranial 
operation for the relief of obstinate tic douloureux, usually wants to be 
mfonned as to the following points: first, the immediate risk; second, 
the possibility of recurrence; and third, the possible unfavorable com- 
plications. Not all patients with “tic” will consider the matter in 
this deliberate philosophic fashion; many are so desperate that they 
insist at any risk upon having the operation performed without delay. 
Suicide with them is often the only alternative proposition. But to 
those who are in doubt as to the course to pursue, it is only ri^t that 
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they should be provided with as many data as they may need in order 
to ^ablc them to draw an intelligent conclusion. 

orta ity. ^The chances of recovery will depend somewhat upon 
the experience of the surgeon, a factor more true of this than of most 
ot er operative procedures. ^ As Allen Starr once said, he would recom- 
mend an mtracranial operation providing he could choose the surgeon. 
In a series of 230 cases which I have collected from the clinics of Horaley, 
^xer, DOllmger, Cushing, and Frazier the mortality was 3.7 per cent. 
This, represimts the risk of the operation to-day in competent hands. 
But the idea is still prevalent among physicians that the death-rate is 



Fig. 460 .— Final Staqa in the *' Seniwry Ro€»t ” Operation. 

The mandibular diviaion and the poiiterior aspect of the ganidipn liave been exposed and a hook 
passed around the sensory root preliminaiy to avulsion. 

very much higher, and the table of Tiffany’s, with a mortality of 22 per 
cent, in a collected series of 108 cases, still finds its way into some modem 
writings. As an example of an individual experience, in my own series 
of 28 cases there was but 1 death (3.6 per cent.), and this occurred in 
an aged patient and not until the tenth day after operation. While 
it is more than probable that in the next ten years the mortality will be 
still further lowered, these figures represent the risk of the intracranial 
operation at the present day. Taking into consideration the age and 
wretched condition of the patients at the time of operation, the risks 
of this operation compare favorably with that of many other major 
procedures in patients as old and debilitated. 

VOltoV— 02 
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The most common causes of death in the past have been shock and 
hemorrhage, cerebral complications, and infection. In this day of 
asepsis the latter should be almost eliminated as a factor, especially if 
the practice of dividing the operation into two stages be abolished. As 
for shock, if the anesthetization is entiiisted to competent hands and 
proper methods are adopted to control hemorrhage, there should be 
none. Hemorrhage, prolonged exposure, and careless anesthetization 
are the only conditions which could be held accountable for an operative 
death; that is, a death within the first twenty-four or forty-eight hours 
after operation. In a series of 16 fatal cases selected by Hutchinson 



Fig. 457.— Photoorapii Taken During an Operation for Avulsion op the Sensory Root; 

Nothing but the. Field op Operation is Exposed. 

Note the siie of the opening, the use of the spoon as a brain elevator, and the small tampon used 
for the control of hemorrhage. 

the largest number died as a result of hemorrhage or shock, most of 
these within the first twenty-four hours; the second largest number 
from infection, seven days to three months after operation, 2 died 
with hemiplegia, and 1 death was attributed to a fatty heart. 

Recurrence.— There is no doubt but that in a certain percentage of 
cas^ there have been genuine recurrences after operations having for 
their object the extirpation of the ganglion. There is also not the least 
doubt in my own mind that a number of these, particularly in cases 
reported a decade or so ago, were attributable to the incomplete way in 
which the ganglion was removed. In considering recurrence, however, 
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we must, of course, exclude all cases in which the pain returns upon the 
opposite side, but fortunately this seldom occurs, as neuralgia of the 
fifth nerve is rarely bilateral except in diabetes (Gowei-s). 

Lexer tabulated a series of 201 ease's, and found 93 per cent, free 
from recurrence. It is difficult to micount for actual recurrence when 
the ganglion has been removed in toto; nevertheless, there seem to be a 
few authentic cases, but not as many as are represtmted in Lexer*s 
figures. There are a numlier of authors, including Van Gehuchten and 
Kocher, who feel convinced that the {Missibilities of recurrence after the 
division or avulsion «)f the sensory root, or, as Van Gehuchten has styled 
it, “physiologic extirpation of the ganglion is practically nil.” I have 
yet to see a case of recurrence in which I was sure all the fibers of the 
root had been removed, and Kocher has had a similar experience. 

CcrcbrAl CompUc&tlons. — Looking over the more re(!('nt con- 
tributions to the lit<Tature of trifacial neuralgia, I have been impressed 
with the absence of any cerebral conditions complicating operations 
upon the ganglion. The earlier literature of the subject does cxuitain, 
however, references to such complications as temporary somnolence, 
restlessness, vertigo, cephalalgia, and aphasia. In my own series of 
28 cases there have been no complications such as these; in Kmus(‘’8 
series of 27 cases, reported before the Thirtieth Congress of the Deutsche 
Gcsellschaft fiir Chimrgie in 1901, he had noted at least one instance of 
each of the above disturbances. Keen, Poppert, and others have re- 
ported cases in which the patient became hemiplegic on the side opposite 
that of the operation, but in one instance on the side of the operation. 
Lexer records an instance of transitory aphasia and somnolence, and 
Collins refers to an instance in which the patient’s memory was said to 
be permanently affected. There is no doubt that in the majority of 
cases these disturbances are due to direc-t pressure upon the brain by 
the retractor, or in certain instanexis by the introduction of large tam- 
pons of gauze. The latter is a vicious habit and should not be coun- 
tenanced, and, knowing the effect of undue pressure upon the cortex, 
every precaution should be exercised to protect it against such needless 
trauma. One should not under any circumstances make pressure upon 
the motor cortex, cither directly by means of the retractor on the side 
of the operation or indirectly by pressing the cortex on the opposite 
side against the skull. In order to secure an adequate exposure it is 
necessary to elevate the brain slightly, not more than i inch above 
the base of the skull. This will open a vista large enough for all practi- 
cal purposes, and if natural illumination is not pulficient to light up the 
depths of the wound, the operator may use on incandescent head lamp. 
The fact that the frequency of the cerebral complication hM dimin- 
ished so materially in the past five or six years must be attributed to 
the fact that the opening in the skull is not as lar^ as it once was, nor 
extends quite so high, so that the motor cortex is not uncovered and 
unprotected, and, therefore, is not exposed^ to danger by pressure. 

An interesting phenomenon occurring in my experience, interesting 
perhaps only because unique, was a transitory hypoglossal palsy, first 
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noticed two days after the operation. The patient protruded the 
tongue to the affected side, so that there was evidently some disturbance, 
peripheral or central, of the innervation of the right side of the tongue. 
That the hypoglossal nerve should have been injured during the opera- 
tion is, of course, out of the question, or that pressure on the cortex could 
have involved the center presiding over the movements of the tongue to 
the exclusion of any other seems equally inconceivable. The paralysis, 
however, was only transitory in character, and had practically disap- 
peared when the patient was discharged from the hospital. 

Facial Paralysis. — Injury to the facial nerve in the performance 
of any operation is a deplorable accident. In operations upon the 
Gasserian ganglion it has a special significance. The inabilit of the 
patient to close the eye completely, and thus to protect the insensitive 
cornea by keeping it warm and moist, at least predisposes toward cor- 
neal complications, although, of course, there are other influences, trophic 
in nature, which no doubt play a considerable part. It is the paralysis 
of the muscles supplied by the upper branch of the facial nerve, and 
particularly the orbicularis palpebrarum, that is most fnjquently seen, 
although in some instances the paralysis has involved the entire distribu- 
tion of the nerve. In the latter instance the paralysis may be due to 
pressure on the cortical center itself, or in some instances, I believe, to 
the direct pressure upon the nerve trunk caused by the blade of the re- 
tractor in making downward traction upon the musculocutaneous flap. 
Porter, in describing a case of complete facial palsy, suggested that the 
paralysis may have been due to trauma resulting from tracition upon 
the chorda tympani. Sufficient has already been said in the discussion 
of the anatomic considerations of various operative procedures as to 
the importance of so designing the incision as to avoid severing the upper 
branch of the facial nerve. 

Cutaneous Anesthesia. — When the connection between the periph- 
eral distribution and the medullary center has been cut off, either by 
avulsion of the root or by extirpation of the ganglion, it is interesting 
to note the wide variation in the area of cutaneous anesthesia. The 
sensory portion of the trigeminus supplies common sensation to the front 
part of the head, the face, a portion of the external car, the eye, the nose, 
palate, nasopharynx, and part of the mouth and tongue. The dia- 
grammatic representations of the trigeminal distribution represent this 
area by a line drawn from the vertex of the skull to the chin, thence along 
the lower border of the jaw to its angle, thence upward, including a pait 
of the car and temporal region, until it reaches the median line. After 
extirpation of the ganj^ion or division of the sensory root the area so 
outlined is by no means constant; while the anesthesia usually extends 
to the median line, it often stops 2 or 3 cm. short of the lower border of 
the jaw and does not always include the ear. Furthermore, it has been 
noticed that even though immediately after operation the area of anes- 
thesia is represented by what might be called the maximum distribution, 
in cour^ of time sensation may be recovered in what might be called the 
doubtful zone; The explanation of these phenomena is to be found in 
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the presence in this zone of fibers of the posterior roots of the cervical 
nerves. In a number of dissections of the cervical and trigemmal 
nerves Zander traced them to their smallest filaments, and found that 
the distribution of the cervical nerves, on the one hand, and the tri- 
geminal, on the other, overlapped one another over a considerable area. 
He was the first to call our attention to the fact that the cervical nerves 
innervate mure of the cutaneous surface of the face and head than is 
usually depicted in diagrams, and also that the area of distribution of 
the nerves on one side of the head may extend beyond the median line. 
In comparing the diagrammatic representation of Zander’s sections 
(Fig. 468) with the record of an individual case made at the time of 
the operation several years later it will bo seen how the area in which 
the cervical and cranial nerves overlap one another corresponds to the 
area in which there has b(;en partial return of sensation. The return 


of sensation must be accounted for by the 
presence of the cervical nerves rather than 
to any reestablishment of the trigeminal 
tract, otherwise we would find also some 
recurrence of pain, a phenomenon which 
has not been observed. 

Ocular Complications.— These may 
be both motor and trophic. 

(a) Motor Disturbances.— The thircl, 
fourth, and sixth nerves, because of their 
proximity to the inner aspect of the gan- 
glion, are always exposed to injuiy in 
attempts at extirpation, and because the 
sixth, or abducens, lies nearest the gan- 
glion it is more frequently damaged than 
the others. With a view toward protect- 



ing these nerves from injury, Hutchinson 

and Abbe recommended only partial extirpation of the ganglion, leav- 
ing intact its inner portion, together with the ophthalmic division. 

(6) Trophic Disturbances.— Apart from the cerebral complications, 
the most serious that can follow operations upon the ganglion or its 
sensory root is a keratitis. WhUe this is favored by paralysis of the 
upper branch of the facial nerve with inability of the patient to close the 
emthe most important factor probably is the disturbance of the trophic 
influences, because keratitis may develop even when there has been no 
facial paralysis. Spiller believes that there may be certain nerve-wll 
bodies in the ganglion itself which exert some trophic mfluence upon the 
cornea, and if they are left intact ulceration of the cornea is 1^ likely 
to occur. Theoretically, therefore, there should be fewer cases of corneal 
complications when the operative intervention is lumted to the senary 
root and no attempt is made to remove the ganglion. The proposition 
of Hutchinson and Abbe to leave the ophthalmic division and a portion 
of the ganglion intact is deserving of very serious considerati^ bwause 
of the protection it ensures against the development of keratitis. Under 
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all circumstances, no matter what the operation, certain precautionary 
measures should be adopted. The eye should be protected by a suitable 
shield, such, for example, as may be offered by an automobile goggle 
(Fig. 459), and the condition of the eye should be carefully observed 



Fia. 459.— Photograph op Patient One Week after Operation, Showing u»e of Auto- 
mobile Goggle ran Protection of Eye and Position of Flap Within the Hair Line. 
(Author’s case.) 


for several weeks or even months after the operation, inasmuch as 
comeal ulceration may not develop for a considerable time. While the 
majority develop within the first two or three weeks, some, as in 
Hutchinson’s case, do not develop until some months after the patient 
has been discharged. 
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Tumors of the Gasserian Ganglion.— Whether primary or 
secondary, tumors of the Gasserian ganglion are not common. The 
writings of Spiller, Marchand, Hofmeister and Meyer, and Raffaello 
Giani fully cover the entire subject and include all the cases hitherto 
reported. A discussion of the lesions which might involve the tri- 
geminal tract secondarily would take us too far afield, as they would 
include tumors of the pons or cerebellopontile space infiltrating or 
pressmg upon the sensory root, and tumors taking their ori^ from the 
atructures of the middle fossa other than the ganglion. 
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Genuine secondary tumors, in the sense of their being metastatic 
deposits, are quite uncommon. Marchand refers to one case of primary 
carcinoma of the stomach and to another of melanotic alveolar sarcoma 


of the forearm with metastatic deposits in the ganglion. 

There are about 14 cases of primary tumors of the Gasserian gan- 
glion on record: viz., 1, Gunsburg; 2, Blessig; 3, Hansch; 4, Petrino- 
Klcbs; 5, Goodhart; 6, Krogius; 7, ^ince; 8, Maiehand; 0, Hegelstamm; 
10, Dcrcum, Keen, and Spillcr; 11, Hofmeister and Meyer; 12, Spiller. 
Most of them wore uncovered for the first time at aut<»psy. In only 
4 cases (1, Krogius; 2, Dercum, Keen, and Spillcr; 3, Spiller-Frazicr; 
4, Hofmeister-Mcyer) was an operation undertaken with the definite 
purpose of removing the tumor. 

In the majority of instances the tumors are of a malignant type, and 
have been designated variously as sarcoma, fibrosarcoma, endothelioma, 
and neurofibroma. In spite of the apparent variety of tumors, Mar- 
chand regards the histologic structure of all as quite uniform. He 
believes further that they arise in the undifferentiak'd atilage of the 


ganglion, and may, therefore, l)e regarded as neurozytomata. Whatever 
the nomenclature, these tumors are of the infiltrating type, eventually 
involve adjacent structures, c. g., the neighboring nerve's, ink*rnal 
carotid artery, and cavernous sinus; they may attain considerable size, 
as in the case of Gunsburg, in which the tumor was said k> be the size; 
of a goose egg, may extend upward into the teniporal lobe, backward 
into the posterior fossa, or forward into the orbit. 

The recognition of the seat and nature of the lesion is not always a 
matter of groat difficulty. Occasionally syphilitic meningitis has 
been mistaken for tumors. In the earliest stages the pain may closely 
resemble that of idiopathic epileptiform neuralgia, but later on added 
to the neuralgia, which may be quite as intense as in that of the idio- 
pathic type, there will be disturbances of sensation (anesthesia, hyper- 
thesia, hypesthesia), weakness of the muscles of mastication; difr 
turbances of structures innervated by the third, fourth, and sixth 
nerves, and evidences of pressure upon the cavernous smus or internal 
carotid artery. In addition to these special localizing phenomena, 
there is the triad of symptoms common to all brain tumors headache, 
nausea and papillo-edema — and in about 25 per cent, of cases metastasis 
to the cervical lymph-nodes; the latter is, of course, a late symptom and 
consequently of little significance, except in so far as it may indicate 
on unfavorable prognosis. As a matter of fact, the prognosis is always 
grave; because of its situation and malignant nature the tumor may be 

said to belong to the inoperable group. . . 

The treatment, therefore, of tumors of the Gassenan ganglion in 
the majority of cases wiU be palliative. It is possible to conceive of a 
case in which the tumor was still within the structure of the ganglion 
and, therefore, in the operable stage, but as yrt this has not occurred. 
No one should question the propriety of palhative operation in th^ 
cases; not only should the sensory root ^ divid^ or avul^ for the 
relief of but a temporal decompression should be practised at the 
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same time in order to relieve the intracranial tension. Thus, there is 
in the palliative operation a twofold purpose. In my series of 28 cases 
there was one who was believed to have a tumor of the brain involving 
the' ganglion. The patient suffered intensely and his condition was 
pitiable. Although the tumor was believed to be inoperable, an opera- 
tion was undertaken with the understanding on the part of the patient 
that it was solely for the purpose of relieving his neuralgia and would 
have no effect upon the fatal tendencies of the tumor. A portion of 
the gan^ion was removed and decompression established in the tem- 
poral region, no attempt being made to remove the tumor. The patient 
died several months later, but in the interim he was entirely free from 
neuralgia. 

The first operation, however, was performed by Krogius in 1895; 
he found an endothelioma about the size of a pigeon’s egg, only a portion 
of which he could remove, and the child died of mcninigtis on the 
thirteenth day. In Keen’s case two operations were performed, one 
extradural, the other intradurd; a large tumor was removed, and the 
patient recovered from both operations. One of the interesting features 
of this case and the case of Hofmeister and Meyer was the persistence 
of pain after the ganglion had been removed. Although the possibility 
of the sensory impulses being transmitted by the seventh nerve has been 
considered, it is more probable that the persistence of pain was duo to 
infiltration of the sensory root. 
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II. THE AUDITORY NERVE (N. ACUSTICUS). 

Anatomic Considerations. — ^The anatomic landmarks which guide 
one in operations upon the auditory nerve are familiar to every surgeon 
who has explored the posterior fossa for other purposes. After leaving 
.the surface of the brain-stem At the posterior border of the pons, where it 
is adherent to the middle cerebellar peduncle, this nerve passes across 
to the internal auditory meatus, and enters the internal auditory canal to 
divide into its two main branches, the vestibular and cochlear nerves. 
In its passage from the cerebellar peduncle to the entrance of the audi- 
tory canal the auditory nerve is closely associated with the motor and 
sensory roots of the facial nerve; the latter lies to the inner side in a 
groove on the mesial surface of the auditory nerve. For this reason 
in the approach along the pars petrosa the view of the facial nerve is 
entirely obstructed. The facial nerve is much smaller, approximately 
one-third the size of the auditory nerve, and is practically surrounded by 
it. To separate one from the other is not always an easy matter, althouglk 
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this may be fac^tated somewhat by displacing the cerebellar hemisphere 
backward. This puts both nerve-trunks on the stretch, and sometimes 
separates one nerve from the other sufficiently to enable one easily to 
differentiate them. A little farther beyond the eighth nerve, as it 
enters the internal auditory meatus, may be seen the root of the tri- 
geminus. ^ In operations for the exposure of the auditory nerve one usu- 
ally sees in the operative field the nerves which make their exit through 
the jugular foramen (foramen posterius magnum), namely, the ninth, 
tenth, and eleventh cmnial nerves. The jugular foramen is only about 
1 cm. distant from the internal auditory meatus and almost directly 
posterior to it. The proximity of this foramen is mentioned because of 



Fio. 460.— Horiiontal Section of the Head Cut on a Level with the Extkhnal Auditory 

Meatur. 

On the left aide may be fleen the aiidi to ly nerve an it enters the internal auilitory meattiH. 
The illustration is particularly valuable as showing that the shortest and most practicable route 
\o the cerebellopontile angle is from the lateral aspect following the direction of the petrous bone. 


the possibility of exerting undue trauma upon the nerves which pass 
through it. Of these three, the ninth or glossopharyngeal, seems to bo 
the most frequently affected in exploratory operations. At least I have 
not infrequently noticed afterward that the patient complained of diffi- 
culty in swallowing when there were no symptoms pointing to disturb- 
ance either of the vagus or the hypoglossal nerves. In making the 
opening in the skull preliminary to exposure of the auditory nerve one 
must bear in mind the relative position of the lateral sinus (sinus trans- 
versus) and the longitudinal sinus, the one above, the other to the inner 
side of a unilateral opening. Attention should also be called to the 
more or less numerous emissary veins, particularly in the region of the 
external occipital protuberance and in the neighborhood of the mastoid 
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process (Fig. 460). The largest of these, however, is the mastoid 
emissary, which establishes a communication between the lateral sinus 
and the posterior auricular or with an occipital vein. This passes 



Fig. 461.*^ In thib Piiotogbapii op a Portion op the Babe op the Skull Below the Superior 
Curved Line will be Seen Numerovb Foramina por the Pabbage op Rmibbahy Vkinb. 
Note the sise and number of theMe. Their preaeuce accouiitH for the profune heinorriiage one 
frequently encounteni in operations neceBsitatiiis exposure of this region. 

obliquely through the skull just above the mastoid process, and will 
invariably be opened in removing the bone from this region. Hciiior- 
rhage may be controlled either by ligation or by blocking the fora- 



Fig, 462. — Schematic Presentation of Incwton for a Unilateral Suboccipital Chant- 

ECTOMT. 

The cutaneous incision diould be | inch above the superior curved line; indsion in the muscular 
structures just below the superior curved line. 


men with Horsley's wax. In laying bare the cerebellar hemisphere by 
removing the overiying bone the proximity of the foramen magnum 
and the medulla oblongata should not be lost sight of. 
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The Technic of Operations for Exposure of the Auditory 
Nerve.^There are many points m the technic which might admit of 
discussion. ^ Ihe most important of these, perhaps, is the question 
whether it is necessary or advisable to make a bilateral opening — i. e., 
to uncover both cerebellar hemispheres. In my o])iniun, a unilateral 
opening should suffice in most cas(>8, however, and inasmuch as more 
time is consumed and more blood lost in making a bilaU'ral oj^ning, the 
latter should not be practise<l as a routine proc(*dure. It should be 
reserved for those cases in which, iK^causi! of the pn'scnce of a tumor, 
the tension within the fossa is so great as to interfere with the necessaiy 
displacement of the hemisphere. The incision for the unilateral opening 
begins at the tip of the mastoid process, nmning parallel to and 1 1») 2 cm. 
above the superior curved line to the external occii)itnl protulu'rance. 



Fia. 463. — Diaqrammatic Prksent.ation op tub Pokition of tub iNriaioN in the Scalp 
Relativb to tub Incision in the Mcscclar Stkoctuheh (Bu o<»ccipital Cbanibcmomy.) 
Note that the incittion in the muHCular structura iii a centimeter or two distant from the ineiHion 

in the scalp. 

and thence downward following the median line. This incision should 
include only the structures of the scalp (Fig. 46.3) ; 2 cm. below and 
parallel to the incision in the scalp, the fascia and muscles arc divided 
down to the bone. After reflecting the musculocutaneous flap thus 
formed the bone overlying the hemisphere is then removed from the 
mastoid process at least as far as the median line, and from^ i inch 
above the lateral sinus down as far as the foramen magnum^ (Fig. 464). 
An opening of this size will -enable one to displace the hemisphere suf- 
ficiently to expose the auditory nerve m the majority of instances. If 
not, it is always possible to remove the bone overlying the hemisphere 
on the opposite side. There are some surgeons, notably Krause and 
Borchardt, who still prefer the osteoplastic method. In this particular 
region the technical diflScultics of osteoplastic resection are not mcon- 
■i daiy Mft , and the cerebellar tissue is so well protected by the thick 
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layer of muscles and the dense fascia as to make it quite unnecessary 
to replace the bone. 

During these preliminary steps of the operation there may be more 
or less free hemorrhage from the musculocutaneous flap, but this is 
readily controlled. Hemorrhage from the emissary veins may in some 
instances be alarmingly profuse, especially in those cases in which the 
veins are unusually abundant and exceptionally large. The dural flap 
is now reflected, and with a suitable retractor the cerebellar hemisphere 



Fig. 404. — Sciiematio Pkepentation of Structerep After Reflection of Mdbculocu* 
TANEOua Flap and Removal op Bone. (See Flipi. 402 and 463.) 

is displaced somewhat backward until the auditory nerve is brought 
into view. This is perhaps the most important step of the operation, 
inasmuch as serious consequences may result in the attempt to dis- 
place the hemisphere by making too much pressure upon the medulla. 
One might infer from certain illustrations that the cerebellar hemisphere 
may be dislocated to an unlimited degree (Fig. 467), but this is far 
from the truth. In fact, one should always be content with the mini- 
mum degree of exposure. The pressure should always be made directly 
backward, and not inward, so as to avoid direct pressure on the 




Fio. 46iJ. — Showing the PomiTioH and Relation or Btructdreb as Viewed krom the IjAtbral 

Aspect. 

The duml flap has been leflcTcted and the cerebellar hemisphere displaced only enpuj^ to m- 
POM the auditory and facial nerves. Note the proximity of these structures to the ninth, tenth. 

tiuveieing the jugular foramen. The auditory nerve lute jrom 

the by a blunt hook. OtherwiM the facial nerve would be entirely hidden from view. 
(Original.) 


Ballance suggested the use of flat marine sponges, a suggestion which 
I have found most serviceable. 

Separating the hemisphere from the petrous bone may occasion 
quite free bleeding, but it is uraally venous and easily controlled by 
introducing a small wick of gauze. Quite a constant source of bleeding 
m this stage of the operation is the rupture of a small vein which passes 
affroiw from the cerebellum to ^ter the occipital sinus. 



Fia. 466 . '-Showing the Position and Direction op the Incision for Expobtikb op the 
GEREBELLOPONT ir.E AnOI.E (UNILATERAL SOBOCCIPITAL CrANIECTOMY). 

operations upon the middle or anterior fossa. No matter what the 
posture of the patient, the head must be flexed; Krause places the 



Fig. 467. — This Illustration, taken from a Recent Contribution of Krause b, ib Rbpiuv 

DUCED BECAUSE IT OlVEB AN ERRONEOUS IMPRESSION OP THE DEGREE OP DISPLACEMENT OP 

THE Cerebellum which ib Either Practicable or Jubtipiable in Expobdhe op Tumobb 
OP THE Cehkbello-fontilb Anglb. (Compare with Fig. 466.) 

patient m the sitting posture with the head bent forward; Cushing 
places the patient in the prone (belly-down) position. For various 
reasons I prefer to operate with the patient lying on his side, with the 
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head of the table well elevated to control venous bleeding (Fig. 468). 
In this position respiration is not interfered with, a matter of con- 
siderable import when operating upon patients with cerebellar tumors, 
and as in all cases the auditory nerve should be approached from the 
lateral rather than the posterior aspect, the operator, without stoop- 
ing or bending, is afforded a direct view into the depths of the wound. 
To my mind there is no question as to the superior advantages of the 
lateral approach; it offers the shortest route from the margin of the 
opening to the cerebello-pontilc angle and permits of the cerebellar 
hemisphere being displaced backward rather than inward. By the 
latter method the pons and medulla are exposed indirectly to trauma. 



Fia. 468.— Thb Author's Table, Ebfeoiallt Cohbtruoted fob Subtentorial Opkrationb. 
lie lateral position of the patient is maintained special device attached to the deltoid region 

By moderate flexion of the head the field of operation w rendered inoet accessible. 

As soon as the nerve is reached the manipulations differ according 
to the lesions to be dealt with. For tinnitus or vertigo it will be neces- 
sary only to divide the auditory nerve. The nerve is readily recognized, 
not only by its glistening snow-white appearance, but by its position 
relative to the internal auditory meatus and the nerves entering the 
jugular foramen, from which it is separated about a centimeter. The 
nerve lies about 4 or 6 centimeters from the anterior margin of the 
wound. Before dividing the auditory, the facial nerve must be isolated. 
This may be a matter of considerable or of little difficulty, but is always 
a matter of great importance, as a residual facial paralyris might be 
regarded by the patient as an unpardonable offence. As the auditory 
nerve almost surrounds the faci^ nerve, the ease with which a few 
fibers of the auditory nerve may be left behind in separating the two 
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must be borne in mind. Once the nerve has been isolated it should be 
grasped with forceps and avulscd. The success or failure of the operfr* 
tion will depend, of course, upon whether or not any strands of the nerve 
are left undivided. 

When it comes to the removal of tumors from the auditory nerve — 
acoustic neurofibromata — we have a more difficult problem. Because 
of the size of the tumor or of an associated hydrocephalus the tension 
within the posterior fossa may bo increased to such an extent as to 
make it difficult to displace the hemisphere sufficiently to expose the 
tumor without using undue pressure. Just as soon as the dural flap 
is reflected the cerebellar hemisphere is protruded through the opening 
and may project a centimeter beyond the plane of the dura. Under 

such circumstances exploration of 
the depths of the fossa will be either 
impossible or unsafe, unless some 
measures arc adopted to relieve the 
tension. There are three such meas- 
ures: tapping the lateral ventricle, 
removal of a portion of the cerebellar 
tissues, or the enlarging of the bony 
opening so as to include the oppo- 
site side. The first of these is of 
service only when the ventricle is 
distended; the second, which, though 
quite feasible, and so far as my ex- 
perience goes has not been attended 
with any serious disturbance of func- 
tion, has its objectionable features, 
and certainly should not be resorted 
to as a routine procedure. Of the 
three proposals, the safest, and at 
the same time the most efficacious, 
is the last, namely, a bilateral crani- 
ectomy. This enables the hemis- 
pheres to be displaced with greater 
freedom, and affords not only a 
satisfactory exposure, but sufficient room to conduct the subsequent 
stops of the operation. 

It is one thing to expose a tumor of the auditory nerve and another 
to remove it. In some of the fatal ca^ death has been attributed 
to injury; in one instance to a hemorrhage of the pons inflicted by the 
operator while extracting the tumor. The tumor should be extracted 
with instruments, not with the fingers of the operator. 

It is especially in the removal of the tumor of the posterior fossa that 
the two-stage operation is a justifiable procedure. Despite the state- 
ments to the contrary, patients with these lesions are not favorable 
subjects for operation, and inasmuch as a suboccipital craniectomy 
(bilateral) is in itself a somewhat formidable procedure, without the 



Fio. 469.— SiiowiNQ TUB Position and 
Dirbci'ion of the Incision for Expos- 
ure OF Tumors in the Cbkbbello- 
PONTILB Angle when it is Nbcbbsart 
TO Uncover both Cerebellar Hemis- 
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exploration or romoval of the tumor, there are many instances in 
which the condition of the patient will be such as to prompt the operator 
to put off the final steps for a week or ten days, at least until the patient 
has fuUy recovered from the preliminary procedure. When the tumor 
hM been removed, the wound should be closed with tier sutures, first, 
the dural flap, then the fascia, and, finally, the skin. Provision must be 
made by a stab opening for the escape of such blood as will ooze from 
the operative field for the first twenty-four to forty-eight hours. As 
^on as the bleeding has ceased, the drainage material should be removed. 
The sooner this is removed the better, as the establishment of a sinus 
m this region is particularly to be avoided, becausi^ there is a tendency 
for cerebrospinal fluid to escape in very much larger quantities than 
from wounds in the anterior or middle fossa. The continuous discharge 



Fig. 470. — ^PnemaRAPH of the Barb of the Brain in which Will hk Seen In Situ a Tumor 
OF THE Cekebellopontile Angle. (Specimen loaned by Dr. William Cl. Spiller.) 

of largo quantities of cerebrospinal fluid is not always well borne by 
the patient. 

Neurofibroma of the Acoustic Nerve.— While constituting one 
of the two indications for exposure of the auditory nerve, acoustic 
neurofibroma is usually classified with tumors of the cerebellum, espec- 
ially those of the ccrebello-poutilc angle. Because of its benign nature, 
with all the characteristics of a benign growth, it would seem to offer 
splendid opportunities for surgical intervention, but to offset these 
there are many obstacles of a serious nature to its successful removal, 
and not the least of them is its proximity to the vital centers in the 
medulla. The acoustic neurofibroma springs from the nerve at the 
point of its emergence from the junction of the pons and medulla. It 
is usually nodular, grows very slowly, never attains large proportions, 
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may be bilateral, and is encapsulated. It is loosely attached to the 
surrounding structures and may bo readily enucleated. Without 
entering into a discussion of the symptomatology, it may be said that 
the acoustic tumor syndrome is well defined and that the diagnosis may 
be made in many instances with practical certainty (Fraenkel-Hunt). 
Exceptionally, however, the association of an internal hydrocephalus 
may be a confusing element, and in some instances it may be mistaken 
for slowly growing tumors, taking their origin from other structures in 
the immediate vicinity. As to the relative frequency of neurofibromata 
there arc no available statistics. It is not as common as other tumors- 
of the posterior fossa. 1 have seen but one case, and in this the con- 
dition of the patient was such that an accurate diagnosis could not be 
made; the tumor was discovered at the autopsy. 

Tinnitus Aurium and Vertigo. — While the auditory nerve is 
brought into view in every exploration of the posterior fossa for tumor, 
and especially of the pontile angle, it was not until 1902 that the idea of 
deliberately dividing the nerve as a therapeutic measure was suggested. 
Krause proposed the operation as a means of rclicvmg persistent 
tinnitus aurium and persistent vertigo. Since that time 8 operas 
tions have been recorded, viz., those of Krause, Wallace, Milligan 
(2 cases), Bryant, Ballance, Parry, and Frazier. It occurred to Mills 
that section of the auditory nerve might be useful also in other per- 
versions of the function of that nerve, such as persistent vertigo, and the 
first operation with this end in view was performed in October, 1908. 

Just as epileptiform tic in the territory of the fifth nerve may be 
cured by dividing the nerve or removing the Gasserian ganglion, so 
persistent vertigo and tinnitus may be relieved by division of the 
auditory nerve. As Ballance says, we may hope in this operation to 
be able to spare the nerve of Wrisberg, which is in no way concerned 
with the auditory symptoms, just as it may be possible in dividing the 
trunk of the fifth nerve to spare the motor root. 

Indications. — In most instances the patients are deal, so that- 
there is no serious objection to sacrificing the nerve. In cases of per- 
sistent vertigo benefit has been derived from removal of the semicircular 
canals, but this operation will in no way affect the tinnitus. The 
cochlea must be destroyed or the cochlear division of the nerve divided. 
The appropriate cases are those in which the disease is labyrinthine; 
it may origmate in the cochlear ganglion, in the vestibular gwglion, or 
in both, but as there is no means as yet of separating the cochlear from 
the vestibular divimon, the auditory trunk must be divided. Tinnitus 
of central origin would not be influenced by this operation; the condition 
must be due to some lesion in the peripheral distribution of the nerve. 
Accordmg to W. S. Bryant, the most promising cases arc those with 
marked loss in air conduction with preservation of bone conduction,, 
cases with definite cochlear lesions in which the tinnitus is low pitched 
and of varying character. High-pitched and musical tinnitus, with 
complete deafness in both air and bone conduction, he regards as 
contraindications. 
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(^rative Rerords.— Of the 8 operations on record, 3 died, Mil- 
ligan s on the third day, Krause’s on the fifth, and Wallace’s three 
weeks after the operation. One of Milligan’s cases and those of 
Parry, Bryant, Ballance, and Frazier survived the operation. In none 
can it be said that the patient was entirely relieved, althou^^h in all 
was there considerable relief. In this small group the mortality has 
been unncccssarUy high. If the proper technic is adopted, and the 
oj^ration conducted by those who are thoroughly familiar with the 
difficulties attending operations in the posterior cranial fossa, the 
mortality should be no higher than after operations upon the Gasserian 
ganglion or its sensory root. In the operations about to be described in 
some an attempt was made to approach the nerve through the middle 
fossa, and the operators experienced no little difficulty. 

Wallace and Marriage, in a case on which they operated, first per- 
formed a complete mastoid operation, in which the posterior wall of the 
auditory meatus was removed as far as the level of the facial canal and 
the lateral sinus exposed. Upon working down and hack from this 
point, the dura was exposed over the cerebellum for three-fourths of 
an inch beyond the lateral sinus in order to leave sufficient space in 
which to retract the cerebellum. The temporal bone, which formed 
the inner wall of the mastoid, was removed. An incision about 1 
inch long was then made into the anterior edge of the dura, and a flat 
retractor, conveniently bent, was introduced, and the cerebellum com- 
pressed until the auditory nerve appeared running obliquely into the 
internal auditory meatus. By this approach the facial nerve is not 
usually seen, as it lies internal to the auditory nerve and, therefore, 
deeper, but pressure upon the eighth nerve close to the brain will usually 
bring the facial nerve into view. A blunt hook can then be easily passed 
around the auditory nerve without danger of doing any damage to the 
facial, and the auditory then may be either divided or extracted. 

The patient upon whom they operated was improved, though 
unfortunately he died three weeks later, and at autopsy it was found 
that a small strand of the eighth nerve had not been divided. 

R. H. Parry in his operation made an osteoplastic flap which 
extended from the middle of the zygoma to the base of the mastoid, 
opening the middle fossa. The dura was separated as far as the semi- 
circular canal and then opened. The roof of the auditory meatus was 
removed, and in it were the auditory and facial nerves. The auditory 
was divided, and unfortunately the facial was tom by a piece of bone. 
The patient made an uneventful recovery and the vertigo and tinnitus 
from which he suffered were greatly lessened. 

Krause entered the skull through an osteoplastic flap in the occipital 
region. Upon dividing the dura and displacing the hemisphere the 
seventh and eighth nerves came into view. The auditory nerve was 
divided, but five days later the patient died from pneumonia. In this 
short interval the tiimitus was better and the dizzmess had entirely 
disappeared. 

W. S. Bryant, after numerous observations upon the cadaver, 
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recommends an approach through the middle fossa of the skull. A 
U-shaped incision with base upward is made down to the bone; the 
anterior limb of the incision is on a line with the posterior portion of 
the mastoid process, extending upward about to 2 inches above the 
center of the lateral sinus, and the posterior limb li inches behind the 
anterior one. The underlyng bone is removed by a rongeur forceps 
forward as far as the superior angle of the petrous bone and downward 
to the lateral sinus. The dura is incised, the cerebrum elevated, and 
the superior semicircular canal sought. An incision is made m the 
tentorium parallel to, but behind, the edge of the petrous bone, in order 
to avoid the superior petrosal sinus. The cerebellum is displaced 
backward, and the auditory nerve is seen lying at the bottom of the 
wound. He has performed one operation upon the living subject, 
and while the patient recovered from the operation he was only slightly 
improved. 

In 1906 Milligan divided the auditory nerve by approaching the 
internal auditory meatus through a large osteoplastic flap in the tem- 
poral region. The temporosphenoidal lobe was gradually displaced, 
and by working above along the posterior surface of the pars petrasa 
the nerve was reached. The operation was very difficult and tedious, 
but the patient, though severely shocked, ultimately recovered and 
left the hospital greatly improved. In 1906 Milligan again divided 
the auditory nerve for severe tinnitus in a woman aged forty-six, who 
had twice threatened to take her life. The nerve was approached 
through the masto-occipital bone and the operation completed in one 
stage. The patient never rallied, and died three days afterward. The 
displacement of the cerebellum he found a real and practical difficulty. 

In Ballance’s case the patient was a woman forty-nine years of age 
who for two years had complained of tinnitus, vertigo, and nausea. 
The removal of the semicircular canals on a previous occasion had 
relieved altogether the vertigo, but had no effect upon the tinnitus. In 
a two-stage op(?ration Ballance exposed and divided the auditory nerve. 
In displacing the hemisphere, the fifth, seventh, eighth, ninth, tenth, 
eleventh, and twelfth nerves were readily exposed. In this case the 
seventh nerve was easily isolated from the eighth and no attempt was 
made to sever the nerve of Wrisberg. Convalescence was very slow 
and interrupted by occasional attacks of syncope and feeling of impending 
suffocation. Two months after the operation there was slight paralysis 
of the right palate and of the pharynx, with nystagmus and absolute 
deafness, but no anesthesia or ataxia. Five months after the operation 
the painful tinnitus had entirely disappeared, and apart from a slight 
deviation of the tongue, the patient had almost fully recovered from 
the effects of the operation. 

On October 6, 1908, Frazier divided the auditory nerve through 
a suboccipital opening for the relief of persistent vertigo in a woman 
sixty-four years old. The exposure was made as for exploration of the 
cerebello-pontile space. After reflecting the musculocutaneous flap, 
removing the underlying bone, and turning down a durid flap, the 
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auditory nerve was approached from the lateral aspect, following the 
direction of the petrous bone. The nerve was readily exposed, but it 
was with considerable difficulty that it was isolated from the facial 
nerve. Ordinarily when these two nerves are put on the stretch by 
displacing the cerebellar hemisphere backward, the nerves are separated 
sufficiently to differentiate one from the other. This method, however, 
was not successful in this particular case, and in order to distinguish 
one from the other electric stimulation of the facial nerve was resorted 
to. Apart from this troublesome feature the operation was attended 
with no difficulty. The patient stood the operation well and on her 
discharge from the hospital the vertigo was less marked. The condition, 
however, was by no means entirely relieved. 
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ADDENDUM ON THE MEANS OF OPENING THE SKULL 
By W. W. Kbj3n M.D. 

Dr. W. H, Hudson, of Atlanta, Georgia, has devised some burrs 
(Figs. 471-473) and forceps (Fig. 474) which, so far as I know, sur- 



Ficm. 471-473. — Hudson's Buims. 


parin all other means for making an osteoplastic flap. They combine 
the safety of the chisel and the speed of the various mechanical saws, 
whether driven by hand or by power. 
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The burrs (Fig^s. 471 and 472) are to be used in succession. They 
are peculiar in this respect, that so long as there is any resistance the 
blades, which are spiral cutting blades, will very rapidly cut their way 
through the skull, but so soon as resistance ceases — i. e., so soon as the 
dura is reached, or even a very thin layer of bone on the inner surface 
of the skull which yields to pressure — the instrument ceases to advance, 
for the brace can no longer be turned. Be the skull thin or thick, the 
burr will cut rapidly until it is nearly or barely through and then 
stops. When the middle meningeal artery is in the path of the burr, 
if it lies even in a shallow groove, it will be pushed before the advancing 
burr and will not be cut (so Dr. Hudson claims — I have had no 
personal experience with this condition). If it lies in a groove which 
is nearly closed or in a complete canal its division is unavoidable, no 
matter what instrument is employed. 

The other two globular burrs (a larger and smaller one of the type 
of Fig. 473) are intended for making larger openings, for decompression 



Fio. 474 . — Hudson’s Fokcbps. 

and similar operations. These will cut completely through the skull, 
but Fig. 473 shows a button for the protection of the artery. 

Fig. 474 shows one of the forms of forceps. Both blades or jaws 
have cutting edges, the lower one cutting vertically, the upper with a 
shear, i. e., obliquely. The upper blade thus obtains a hold or grip 
on the upper surface of the bone and does not slip. In the other 
form both blades cut obliquely. Both forms cut very quickly. 

In making an osteoplastic flap, Fig 475 shows in outline the method 
employed by DaCosta, who has used these instruments on several 
occasions with great advantage. Four openings are made at the 
broadest part of the proposed flap. In making these openings it is 
important always to hold the burr vertical to the surface of the skull. 

The openings 2 and 3 are about two inches apart. The skull 
between these two openings is divided by a Gigli saw, the bone being 
beveled. The beveling of this small portion is amply sufficient for the 
purpose of supporting the entire flap when it is replaced. From 2 to 
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1 and 3 to 4 the skull is bitten away by Hudson’s or other rongeur 
forceps. 1 and 4 the dotted lines show the direction in which 

the skull is divided also by the rongeur forceps. If it is desired, of 
course, other openings can be made at the end and the middle of these 
two dotted lines and the Gigli saw can replace the forceps in makm g 
the entire flap if so desired. By using the forceps for the two oblique 
lines from 1 and 4 any damage to the middle meningeal will not occur 
until one reaches the lower end of the incision and generally no injury 
at all will occur. 

1 gave these instruments, 1 think, the severest possible test as to 
danger at a Jefferson clinic on the day before the meeting of the 
American Medical Association on June 8, 1909. I blindfolded one 




Fig. 476.— Showing the Way in which J. Chalmerh DaCoeta Uses IIudbon'b Burrs and 

Forceps. 

Four holes are made by the operator. Between 2 and 3 the bone is cut beveled to give sup- 
port. All the rest of the flap is bitten away by Hudson's or other forceps alona the dotted lines 
and the flap is then fracturEQ. In this way the middle meoinseal is very unlikely to be injured, 
and if injured is injured at the end of the operation. 


of the surgeons present who had never used or even seen these instru- 
ments before, and, placing the burr over the squamous portion of the 
temporal bone of a cadaver, asked him to drive it into the brain if pos- 
sible. After a few turns the brace could not be revolved any further, 
and on removing the burr, the uninjured dura wasexposcd at the bottom 
of the opening. No severer test of its safety,’ I think, could be doused. 

These instruments can be obtained from Charles Willms & Co., 
Baltimore, and doubtless will soon be made by all competent instru- 
ment makers. Any purchaser, however, should be assured by trial 
on any animal bone, such as the shoulder-blade of a sheep, that the 
instruments functionate properly. 
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GENERAL ANESTHESIA AND ANESTHETICS. 

By Hobabt Amoby Habe, M.D., 

PHILADELPHIA. 

The term anesthesia was first employed by Oliver Wendell Holmes 
November 21, 1846, to describe the ^ate of an individual under the 
full physiologic effect of ether. It is derived from the Greek word 
aheavoiiat, with the negative prefix on, and if strictly interpreted, 
means without the ability to feel. Etymologically, the term analgesia 
is far more correct, but anesthesia is now firmly embedded in medical 
nomenclature, and is sanctioned by usage. That the state of the 
patient under one of the drugs used for the production of surgical 
anesthesia is not one of anesthesia, but that of analgesia, is illustrated 
by the case of the child cited by Snow, who, while under the influence 
of chloroform to the extent that it was “cut for stone” without pain, 
nevertheless had so little disturbance of cerebration and the sense of 
feeling that it played with a toy. 

History. — There can be no doubt that human beings from the 
earliest times endeavored to relieve the pain of disease, injury, and 
operation by the use of measures or drugs that would benumb sensation. 
Pliny tells us that mandragora is taken against cuttings and puncturings 
lest they be felt, and Apuleius stated that, if any one is to have a limb 
mutilated, burnt, or sawn, he may drink half an ounce [of mandragora] 
with wine, and, while he sleeps, the member may be cut off without any 
pain or sense. The Chinese and East Indians used, in very early times, 
full doses of cannabis indica for the same purpose. Nor were these 
ancient practitioners satisfied with the mgestion of the drug by the 
stomach, but they often produced insensibility to pain by making the 
patient inhale the vapor of burning cannabis indica; or, in the case of 
mandragora, from having them smell it. These methods, often com- 
bined with the use of intoxicating doses of alcohol, were the only ones 
employed until the middle of the fifteenth century, when Theodoric 
produced surgical anesthesia by the use of the “spongia somnifera.” 
This was prepared by boiling a sponge in water to which had been added 
juices deriv^ from a number of sources, the most important being 
mandragora, opium, hyoscyamus, and hemlock. When the boiling 
had been contmued until the sponge held nearly all the residue in the 
vessel, it was placed aside to dry. When needed, this sponge was 
thoroughly soaked in hot water and placed over the patient's face, 
who inhaled the fumes until insensible. It is interesting to note not 
1000 
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only that anesthesia by inhalation was produced , but that, after the 
operation was over, the patient was resuscitated by inlialing vinegar 
from another sponge, a plan of resuscitation often utilized by modem 
surgeons to prevent the nausea following ether and chloroform. 

Various mechanic devises whereby pressure upon the nerves of a 
part was brought about was also employed for many hundred years for 
the relief of pain, and hypnotism was resorted to, but with little success, 
for obvious reasons. Binz quotes a passage from Paracelsus (who diecl 
in 1541), in which Paracelsus recommends for internal use for the relief 
of pain, in preference to opium, a drug which Binz thinks must have 
been identical with sulphuric ether. As the discovery of ether is usually 
credited to Valerius Cordus, who was not born until 1515, it is manifest 
that the fluid used by Paracelsus could not have been ether, or else that 
Valerius Cordus was not its first discoverer, Cordus undoubtedly 
produced ether, but more than two hundred years elapsed before any- 
thing further was done concerning it, until Froben, a German chemist 
in London, made it, but kept the method of its production secret. 
In 1731 Stahl made ether in Berlin, first calling it “sulphuric ether," 
thinking that it was a modification of sulphuric acid. 

The real history of surgical anesthesia is, however, to be found in 
the last one hundred years. It is true that Pearson, of Birmingham, 
England, gave ether vapor in 1795 to diminish the sufferings of advanced 
pulmonary tuberculosis, but its effects were not sufficient to produce 
anesthesia or unconsciousness. In 1795 Beddoes, of Bristol, lingland, 
recorded experiments in wiiich one dram of ether was inhaled, and 
advised that pulmonary consumption be treated by inhaling three 
times a day 1 dram of a mixture of ether, 1 ounce, and cicuta leaves, 
half a dram, and Crowther reported a case cured by this measure. 
Thornton reported to Beddoes that he produced unconsciousness by 
the use of ether in a woman who was suffering from a painful affection 
of the breast. It is also a fact that Sir Humphrey Davy, in 1798, found 
that, while he was experimenting with nitrous oxid gas, he was relieved 
of a toothache, and for this reason he su^ested that this gas be used 
by surgeons for the relief of pain, but his advice was unheeded. In 
1818 Faraday stated that the inhalation of ether vapor decreased pain, 
as did nitrous oxid, and Thompson, of Glasgow, showed his students 
that if they inhaled this vapor, the pain of minor injuries was not felt. 
Here, on the threshold of one of the greatest discoveries of modern 
times, the profession “marked time" for forty-four years, and the step 
between the partial benumbing of sensation as an amusing experiment, 
to the production of true anesthesia, was not taken. Indeed, Velpeau, 
in 1835, said “Eviter la douleur dans les operations est un chim&re 
qu41 n'esft pas permis de poursuivre anjourd'huil" It is interesting to 
note in this connection that, although it was stated in 1862 by Mareno 
y Maiz that coca leaves, if chewed with potash, produced anesthesia of 
the lips and tongue, it was not until 1884 that Holler introduced cocain 
as a local anesthetic. 

In 1839 a medical student named Clarke, in Rochester, New York, 
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gave ether vapor to some of his friends to inhde for amusement, and 
one of them, Morton, three years later (1842), used it to permit him 
to extract a tooth pamlessly. In this same 3 rear some students in 
Anderson, South Carolina, inhaled ether vapor for the purpose of 
getting drunk, and, while intoxicated, caught a young negro and forced 
him to inhale so much of it that he became unconscious and apparently 
dead, greatly to their alarm. The boy recovered, and one of the 
students told Crawford Long, of Georgia, of the occurrence. Long, in 
this same year (1842), removed a cystic tumor of the jaw from a patient 
under the influence of ether, and repeated the experiment a number of 
times, but he failed to grasp the extraordmary value of the idea, or was 
too careless to report it at the time. In any event he failed to keep 
on using the drug. On the other hand, Morton, who had first extracted 
a tooth for a patient under ether in 1^2, as already stated, was alive 
to the value of the discovery, but it was not until 1846 that he did 
an}rthing more about it. In that year a chemist of Boston, named 
Jackson, who was an instructor of Morton, suggested to Morton that 
some pure ether be prepared and used for surgical purposes. Morton 
claim^ that the ether having been made, he tried it before Jackson did 
so, and these men ceased to accuse the other of the theft of an original 
idea only when the grave closed over them. There can be no doubt, 
however, that Morton deserves the credit fur the actual introduction 
of ether, for in' September, 1846, Morton again gave ether and pulled 
a tooth without pain to the patient, whose prolonged unconsciousness, 
however, frightened him so much that he did not dare contmue his 
experiments for some days. The critical day (October 16, 1846) at 
last arrived when he persuaded Warren to let him try the drug in the 
Massachusetts General Hospitid, Boston, in a case of tumor of the neck 
upon which Warren was about to operate. The effect was so satisfactory 
that Warren said to his class, “Gentlemen, this is no humbug,” and 
Bigelow exclaimed, with less guarded enthusiasm, “I have seen some- 
thing to-day that will go around the world.” The desire for personal 
aggrandizement led Morton to try to keep the character of the drug 
a secret. He called it “Letheon,” but its odor soon disclosed its real 
nature, and on November 7, 1846, he admitted that the drug was sul- 
phuric ether. Finding thi^t he was deprived of a financial reward, 
Morton then sought the credit for the scientific introduction of the 
drug, a credit usually given him to-day, although .Long’s early work 
and Jackson’s labors undoubtedly aided in its introduction. 

For obvious reasons the use of ether for anesthesia spread like 
wildfire. In Philadelphia it was first used by Pancoast in the Jefferson 
Medici College Hospital, December 19, 1846. In January, 1847, 
Sir James Simpson first used ether in Edinburgh during the performance 
of version. 

Although Thompson described a crude form of chloroform in 1820, 
formed by the union of chlorin and olefiant gas, to which he gave the 
name “ Dutch liquid, ” the true discovery of chloroform is due to Guthrie, 
of Sackett’s Harbor, New York, a surgeon in the United States Army, 
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who n^e his report in October, 1831. Liebig discovered it independ- 
ently in November, 1831, and Soubeiran, in France, did likewise in 
January, 1832. Although a Dr. Ives, of New Haven, used it by inhala- 
tion in the latter part of 1831 in a case of asthma, the employment of 
chloroform as an anesthetic did not take place until 1847, when Waldie, 
a chemirt of Edinburgh, suggested its use to Sir James Simpson, who 
took it himself and gave it to some friends in his own house in November 
of that year. Fortunately, no evil effects followed, for had one of these 
investigators died, the use of the drug would have been indefinitely 
delayed. The first patient who was to receive chloroform for operation 
did not get it because Simpson was detamed, but by a strange coinci- 
dence died as the first incision was made. Had chloroform been used 
and death ensued, it would have been regarded as a deadly drug. The 
first actual use of chloroform for surgical purposes was by Simpson 
in the Edinburgh Royid Infirmary on November 17, 1847. 

Nitrous oxid was known to possess intoxicating properties many 
years before it was used as an anesthetic. Its inhalation caused the 
individual to become hilarious, or his antics caused others to laugh, 
hence the term, “laughmg gas.” On December 10, 1844, a dentist of 
Hartford, Conn., named Horace Wells, noticed that a man named 
Cooley, who had taken the gas for amusement, felt no pain when he 
fell and hurt his leg. On the next day (December llth) Wells inhaled 
the gas himself and had a molar tooth painlessly extracted. He at 
once recognized the value of the discovery, and tried it with ether 
successfully in other dental cases. He persuaded Warren, as did Morton 
two years later, to let him give the gas in the Harvard Medical School, 
but because he did not provide enough gas he failed to cause anesthesia, 
and was hissed and hooted out of the building by the students. Wells 
died in 1848. With his death nitrous oxid fell into desuetude, and it 
was not until Colton published his epoch-making report of 20,000 
successful inhalations in 1867 that the gas took its place as a standard 
anesthetic. 

General Considerations* — Notwithstanding the well-recognized 
fact that the older anesthetics possess many disadvantageous qualities, 
and that experimenters have endeavored unceasingly to invent sub- 
stitutes that would prove better, it nevertheless is true that, from the 
standpoint of reliability, safety, and general applicability, ether and 
chloroform are still facUe princepa. There is only one other anesthetic 
which is safer, namely, nitrous oxid, and this gas, to use the expression 
often applied to machinery, is not flexible enough. That is to say, it 
does not meet almost every ne^ of the general surgeon, as do ether and 
chloroform. 

It is not possible to discuss all the drugs that have been tried as 
•anesthetics, nor all the mixtures of drugs of various ph}rsiologic effecte 
and various volatility. In this article the only anesthetics which will 
be included are — (1) Ether; (2) chloroform; (3) nitrous oxid; (4) ethyl 
chlorid; (6) ethyl bromid, and, lastly, those mixtures of these drugs 
which are largely used by some surgeons. 
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Before taking up each individual drug it is wise to discmss certain 
general facts as to surgical anesthesia. In the first place, it may be 
laid down as an axiom that the use of an anesthetic in some form is to 
be resorted to in all surgical procedures that cause pain unless the pain 
be very moderate or the operation very brief indeed. Even if the 
operation be brief, if it is distinctly painful, anesthesia is advisable, 
because it is humane and because it not only relieves ordinary pain, 
but distinctly decreases the mental perturbation and nervous shock, 
both of which are important factors in the near and the remote lifetime 
of the patient. Although local anesthesia may be adequate in many 
minor surgical procedures, the mere relief of pain is not all that is 
needed if the operation is one which engenders fear on the part of 
the patient, for one of the blessings of surgical anesthesia is the 
production of unconsciousness. 

There is probably only one state which distinctly contraindicates 
a general anesthetic, namely, well-developed diabetes mellitus, in which 
diabetic coma nearly always follows. There are, however, a large 
number of conditions in the face of wliich the wisdom of using an 
anesthetic drug must be carefully debated. In some of these it is 
distinctly unwise to use any of the general anesthetics in the great 
majority of instances, as, for example, when operations arc pciiormed 
for goiter, in the occasional profound collapse or shock from perforation 
of the bowel in typhoid fever, and in cases of cardiac and renal disease, 
when anasarca and pulmonary edema threaten to close the scene. On 
the other hand, even the presence of well-developed cardiac disease 
is an indication rather than a contraindication for the use of a properly 
selected anesthetic. I have repeatedly seen patients, on whom an 
operation was attempted without a general anesthetic, become cyanotic 
and distressed because of fear of its effects, but immediately improve 
if ether was skilfully given, the ether not only removing painful impres- 
sions and mental distress, but also acting as a cardiovascular stimulant. 
So, too, the fact that a patient has nephritis does not contraindicate 
the use of an anesthetic. On the contrary, if an operation is essential 
to save life, the chances for such are in many instances greater if an 
anesthetic is employed. 

Each case must be considered by itself, not only as to the gravity of 
the morbid lesions which may be present, but also from the standpoint 
of which drug wQl be the safest in view of the existence of such lesions. 
Anesthetic drugs are given too largely as a matter of custom or routine. 
In the temperate zone, where the climatic conditions permit the use of 
all the drugs used fur the production of surgical anesthesia, a careful 
choice should be made for each case which comes to operation. In hot 
cliiiiates chloroform must be the choice nearly always because of the 
high volatility of ether. At present ether is used almost to the exclu- 
sion of every other anesthetic in many of the large operating clinics of 
the northern United States, and chloroform is still equally popular in 
England and on the European continentj although the recognition of 
the value of ether is becoming more wide-spread in both these areas. 
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As Luke well says: “We are surely bound to use the safest anesthetic 
which we possibly can for any given operation, taking all the circum- 
stances of the case into consideration, and we have no right whatever 
to give chloroform to a patient for the extraction of teeth when nitrous 
oxid is available, and we are in duty bound to give ether rather than 
chloroform for a curettement if there is no contraindication to ether 
in a given case. At the same time, unreasonable or unreasoning bias 
is to be avoided, and, if an operation on the brain or about the face is to 
be performed, we are equally bound to administer chloroform, as in 
this case the immediate necessities of the operation must be foremost 
in our mind, and the high death-rate from chloroform must not make 
us frightened to use it, where there is such a clear indi(‘ation.“ 

A vast army of statistics as to the relative safety of chloroform, 
ether, and nitrous oxid has been assembled. These show that the 
death-rate from their use is about as follows: 


Chloroform 1 death in 2500 anesthesias. 

Ether 1 death in 16,000 anesthesias. 

Nitrous oxid 1 death in 200,000 anesthesias. 


The peculiar limitations of nitrous oxid prevent us from employing 
it universally, and the fact that ether is far safer than chloroform makes 
it the anesthetic of choice in ordinary conditions. Tliere are, howe\'er, 
certain contraindications to the use of ether which necessitate its being 
put aside. The first of these is any state of arlvanced degeneration of 
the blood-vessels, such as atheroma and aneurysm, in which states the 
great increase in arterial tension produced by ether may cause rupture 
of a vessel. (See Preparation of Case for Anestliesia.) The se(!ond 
contraindication is any acute inflammation or irritation of the kidneys 
or chronic parenchymatous nephritis, particularly if red blood-cells 
are in the urine. In such cases the use of much ether will be deleterious 
to the renal tissues. The third contraindication occurs in some cases 
of operation upon the brain or abdominal contents, in which cerebral 
congestion, on the one hand, with high blood pressure or vomiting, on 
the other, may complicate the operation or produce serious postopera- 
tive difficulties. A fourth contraindication occurs in operations upon 
the nose and mouth, in which the necessity of giving ether constantly 
interferes with the operative procedure or produces profuse secretion 
of mucus and saliva by reason of the irritant fumes of the drug. Fifth, 
ether is contraindicat^ or must be used with caution in persons who are 
suffering from acute or chronic bronchitis with excessive secretion, 
since its vapor may cause so iriuch irritation or produce such an excess 
of secretion as to interfere with r^piration during or after operation. 
It has been taught that ether is absolutely contraindicated in ci^s 
which suffer from emphysema of the lungs, chronic bronchitis, bronchiec- 
tasis, or pulmonary tuberculosis. There can be no doubt that all them 
conditions are, in the majority of cases, unfavorably influenced by this 
anesthetic. On the other hand, such patients not rarely suffer from 
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associated cardiac weakness, and if this is the case, chloroform may be 
the more dangerous drug. If ether is given by the drop method and 
with great caution, 1 believe it is much the safest anesthetic of the two 
in the presence of cardiac lesions. Sixth, ether should be avoided 
in the case of children or adults in whom ether, on a previous occasion, 
has acted deleteriously upon the lungs or kidneys, and, seventh, it is 
to be recalled that alcoholics are not favorable subjects for the use of 
ether, because it produces anesthesia only when used in very large or 
excessive amounts. 

On the other hand, there are a number of conditions in which the 
known physiologic action of ether makes it distinctly the drug of choice. 
Any feeble condition of tlie heart in a patient requiring operation will 
probably be benefited by the effect of the drug, if it be given skilfully, 
and it is hardly necessary to add that the utmost skill in administration 
will often be necessary in the presence of such lesions. 

The conditions which exclude chloroform, as a rule, are, first, 
myocardial degeneration, cardiac dilatation, and any state which causes 
distinct cardiac feebleness or severe cardiac fatigue, as, for example, 
pulmonary emphysema and asthma. It is also dangerous in valvular 
disease with ruptured compensation or in cases in which the heart is 
on the borderland of ruptured compensation. If valvular disease 
with compensatory liypertrophy is present, chloroform may be used if 
the cardiac first sound is clear, but it is not the anesthetic of choice. 
Aortic regurgitation strongly contraindicates its employment. Addi- 
tional contraindications are a state of poor nutrition, as in those suffering 
from prolonged suppuration or diabetes mellitus. Lymphatic patients 
are poor subjects for the use of chloroform. (See Delayed Chloroform 
Poisoning.) 

On the other hand, chloroform, because of its known physiologic 
effects, often is the remedy of choice. This is notably the case in 
mstances of arterial spasm causing very high arterial tension, and in 
which the heart is hypertrophied to meet the strain. In such a case the 
chloroform, if given with care, will lower tension instead of raismg it to 
an undue degree, as does ether, and therefore prove useful. Again, 
given a case of nephritis, new or old, chloroform is the drug of choice 
in most instances because, although quantity for quantity it is far more 
irritating to the kidneys than ether, it requires so little chloroform, 
relatively, to cause anesthesia that its effect is less irritating to the 
kidney than is that of ether. A vety large number of investigations 
upon animals and upon man have been carried out to determine the 
influence exercised by chloroform and ether upon the kidneys. In 
many instances the results have been conflicting, but at the present 
time it may be stated that during the early stages of the administration 
of chloroform the urinary flow is often increased, although when full 
anesthesia is developed secretion is usually diminished and rarely 
oppressed. After the anesthetic is withdrawn, it is found ^at there 
is a great increase in urinary flow, amounting to four times the normal 
volume in the same period of time, and this increased flow is nui.intAinpd 
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for several hours. The nitrogen content of the urine is, however, greatly 
reduc^, and there is also a reduction in nearly all its solids. In cases 
in which the chloroform is administered for a long time there may be a 
considerable outwandermg of leukocytes into the renal tubules, these 
leukocytes eventually escaping in the urine. Thompson' believes that 
this diai^esis is the result of stasis in the blood-vessels of both the 
glomeruli and the tubes, rather than from any irritation of the kidney 
itself. The only ingredients of the urine which are markedly increased 
by the elimination of chloroform are the chlorids, which appear in far 
greater quantity than normal, both during and after its administration. 
Thompson asserts that after the drug is stopiJed the amount of chlorids 
in the urine may be ten times the normal quantity. Albuminuria 
from previously healthy kidneys occurs in a very small percentage of 
cases, but reducing substances other than glucose may be present in the 
urine in considerable quantity. Their nature has not yet been deter- 
mined. 

The efiPect of ether on the kidneys during the first stages of its 
administration is usually a diminution in the quantity of urine, and 
if the drug is pushed, the diminution in secretion becomes more marked 
than when chloroform is given. If excessive quantities of ether are 
used, suppression of urine may be produced. The nitrogen elimination 
in the urine is also diminished, but not so greatly as when chloroform 
is used. Ether also causes a greater outwandering of leukocytes into 
the urine than does chloroform, but here again Thompson is of the 
opinion that stasis in the kidney rather than the irritation is the cause 
for this outwandering. The chlorids are mereased, but not nearly so 
much as they are under chloroform. Transient albuminuria is far 
more commonly met with when ether is given than when chloroform 
is used, but reducing substances after the use of ether are not so con- 
stantly present. 

The Preparation of the Patient for Anesthesia.— Unless the 
need of operative procedure is most urgent, a period of not less than 
twenty-four hours should be set aside for the careful preparation of the 
patient. During this time, and if possible for sevend days before this, 
the urine should be frequently examined, first, .to determine whether 
the kidneys are healthy, and, second, to discover the presence of glyc^ 
suria or diabetes. The urine should also be measured in order that it 
may be discovered if its quality is normal, since, if it is scanty, renal 
complications are much more prone to occur than if it is fiwly secreted. 
In many eases in which the urine is scanty, unless its scantmess depends 
upon nephritis, the free administration to the patient of pure water 
in sufficient quantities to flush the kidneys will be all that is required. 
The efficiency of the water may be increased by adding^ either bicar- 
bonate of potash or citrate of potash, in small quantities, not more 
than 20 or 30 grains being taken in the twenty-four hours, since potash 
salts, if given in large quantity, act as circulatory depressants. Should 
a more active diuretic be desired, small doses of sweet spirit of niter 
may be added to the draft, since this simple remedy acts as an efficirat 
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diuretic in many cases, overcoming any tendency to spasm of the renal 
vessels, and flooding these organs with blood. 

Not only should the urine be examined chemically, but also micro* 
scopically. Indeed, the microscopic examination may be the more 
important of the two, for the presence of albumin does not necessarily 
prove the existence of severe renal disease, whereas the finding of 
granular, waxy, or hyaline casts in great number would indicate that 
the patient is not in a fit state for the use of an anesthetic. This is 
particularly true of large granular casts and blood-cell casts, indicating 
the presence of parench}miatous nephritis. 

There can be no doubt that insufficient attention at the present 
time is paid to the state of the circulatory system, particularly in persons 
beyond forty years of age. It is true that the heart is usually examined 
to discover the presence of a murmur, and not infrequently the finding 
of a murmur is considered as an adequate reason for questioning the 
use of an anesthetic. As a matter of fact, the presence of a murmur, 
if associated with compensation, is no contraindication to the employ- 
ment of an anesthetic, nor is cardiac hypertrophy a contraindication. 
On the other hand, the discovery of cardiac dilatation, with or without 
a murmur, is a contraindication, and, if possible, should be overcome 
by proper treatment before the anesthetic is used. If the first sound 
of the heart is weak and time suffices, small (not large) doses of digitalis 
or strophanthus should be given during a period of a week or ten days, 
not so much with the object of powerfully stimulating the heart, as of 
improving its nutrition and thereby putting it in better position to 
withstand the anesthetic and the effects of the operation. Another 
very important circulatory condition almost universally ignored by 
surgeons is the state of arterial tension. In a fairly large proportion of 
patients coming to operation after the fortieth year arterial tension is 
above normal, due in part to spasm and in part to arteriocapillary 
fibrosis; This high tension requires of the heart far greater effort 
than exists in health, and, therefore, it not infrequently happens that 
before the anesthetic is given the patient’s heart is distinctly fatigued. 
Added to this fatigue is the additional effort due to the increased spasm 
produced by mental anxiety, and after ether or nitrous oxid is employed 
the great rise of blood-pressure produced by these drugs throws a 
still greater burden upon the heart. In all cases where time suffices 
a careful estimation of the blood-pressure should be made, if possible, 
with the sphygmomanometer, and if it is found to be abnormally high, 
it should be brought .to approximately natural limits by the use of the 
nitrites. If tension is decidedly above normal and time d^ not suffice 
for a prolonged course of the nitrites, a hypodermic injection of nitro- 
glycerin (tiJt to ^ grain) should be given before and during the opera- 
tion. the other hand, if a condition of hypotension is present, 
strychnin and digitalis should be used for some days before the c^iera- 
tion, and strychnin should be given, immediately before the anesthetic 
is (pven to prevent hypotension devdoping to a dangerous degree. If 
more attention were paid to blood-pressure prior to operation, fewer 
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cardiac, pulmonary, and renal complications would be credited to the 
evil effects of the anesthetics employed. 

A number of researches have shown that the administration of ether 
and chloroform diminishes hemoglobin materially. In other words, 
the color index is decreased. J. Chalmers DaCosta concludes from 
his investigation that ether produces increased hemolysis! There can 
also be no doubt that the duration of the anesthetic state and the 
amount of ether used directly influence the blood changes. For many 
years it has been generally recognized, both because of clinical exper- 
ience and experimental research, that profound anemia contraindicates 
the administration of the ordinary anesthetics. Surgeons generally 
hold that when the hemoglobin is below 50 per cent, it is dangerous 
to give ether or chloroform. This rule is a wise one to follow, and 
should be abrogated only when some vital emergency exists. Mikulicz, 
however, puts 30 per cent, hemoglobin as the lowest level at which 
operations are to be attempted. Thei'e are cases, of course, which have 
been successfully operated on at a still lower level, but complications 
during the operation or immediately after it are so prone to occur and 
are of so serious a nature that the patient^s life is distinctly in jeopardy. 
The danger of administering an anesthetic to an anemic patient is 
greater when the anemia is chronic and depends upon some diseaf^ 
of the blood-making organs than when it is acute, as the result of hcnu»r- 
rhage. In either instance, however, oxygen should be given during the 
administration of the anesthetic, if possible, and administered freely 
for some time after the anesthetic is stopped, in order speedily to 
resuscitate the patient. 

The introduction of large quantities of normal saline solution into 
the veins with the idea that arterial pressure will thereby be raised is, 
of course, futile. If the solution is given hut, the heat may act as a 
stimulant, or the saline constituents may produce such an influence, 
but the volume of the fluid itself does not do so. On the contrary, the 
use of venous injection or hypodermoclysis, whereby a large quantity 
of fluid is placed in the patient^s body, serves to burden the heart and 
to be provocative of pulmonary edema. 

Prior to the use of any anesthetic by inhalation, and particularly 
if ether is to be employed, the patient should not receive any fo^ for 
four or five hours before the operation, spee an empty stomach is one 
of the most efficient preventives of vomiting during or after the adminis- 
tration of the drug. The common method of starving a patient for a 
great numb^ of hours prior to the administration of an anesthetic 
seems to be conclusively proved to be deleterious by the mvestigations 
of William Hunter in 1908 (London Lancet., 1908, i, p. 993). Hunter 
believes that the vomiting is not of nervous origin, but essentially 
toxic, and due chiefly to interference with the liver by the drug. This 
influence of chloroform upon the hepatic €unction is much more prone 
to occur in a liver already weakened by disease or by poor nutrition. 

There can be no doubt that the absence of food from the stomach 
during the administration of anesthesia is always advantageous, but 
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there can be also no doubt that it is not essential to starve the patient 
for twrive or eighteen hours before the drug is given. Easily digested 
gruels of barley or rice can be given in small quantities up to within two 
or three hours of the operation with distinct advantage, particularly 
if their digestion is hurried by the use of takadiastase or pancreatin. 
These starchy gruels have the advantage that they permit the liver to 
store up ^ycogen, and thereby place it in a favorable position for the 
maintenance of its function; whereas animal broths not only fail to do 
this, but throw an undue strain upon the kidneys in the elimination of 
extractives. As Hunter also points out, a deficiency of carbohydrates 
or glycogen in the liver-cells results in increased dertruction of protein 
materiid, and this, in turn, causes the formation of toxic products. 
Again, Hunter believes that the .absence of glycogen from the liver, 
by diminishing the combustion processes in that organ, diminishes the 
antitoxic powers of the liver-cells so that the starved individual is more 
easily affected by poisons than the well-fed or glycogeti-rich person. 
So, too, an absence of carbohydrate material results in extensive changes 
in fat metabolism, which results in an increased formation of acid, and 
so tends to the devdopment of acidosis. 

In this connection it is interesting to note that Rosenfeld and 
Beddard both hold that chloroform poisons the hepatic cells in such a 
way that their metabolic processes are altered to the extent that while 
they can utilize carbohydrates, they can but imperfectly deal with 
proteids, and even less with fats, and, therefore, as soon as the cells 
have used up their carbohydrates or glycogen, their hungry condition 
causes a breaking down of tissue proteid and a transference of fat to 
them, but since neither of these food-stuffs, and especially the fat, is 
properly .utilized, the cells remain in a condition of severe starvation 
and so rapidly die. Beddard also quotes Rosenfeld and others as 
having proved that if the poisoned anim^ is fed with dextrose, the 
transportation of fat does not occur, because it is not necessary, and also 
that recovery is much more likely to take place than when the animal 
is starved. His deductions, ther^ore, are closely allied to those which 
we have already quoted. Not only should patients be well fed with 
carbohydrates prior to the anesthesia, but it is advisable to feed them 
freely with dextrose by the mouth or by enema if any symptoms follow 
the use of the anesthetic. Beddard even goes so far as to suggest that 
a 6 per cent, solution of dextrose be intravenously injected in urgent 
cases of delayed chloroform poisoning, treating the case in the same 
manner that we would treat diabetic coma. 

In operations upon the stomach this viscus must be not only empty 
of food before the operation, but must be carefully washed out, by 
means of the stomach-tube, by boric acid solution, by normal saline, 
or with pure water. Indeed, some surgeons make it a practice to wash 
out tl^ stomach with a stonmch-tube before all abdominal operations, 
daiminju ^ ^t by so doing the chances of vomiting are diminished. In 
my exponence the passage of the stomach-tube in a person who is 
unaccustomed to its use prior to the administration of the anesthetic 
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not infrequently produces so much irritability of the vomiting center 
and of the pharynx that the tendency to vomit is greatly increased, 
rather than diminbhed. It is hardly necessary to add that the patient’s 
bowels should be well opened by means of some mild laxative several 
hours before the anesthetic is used, and if the tongue is foul and the 
liver torpid, small doses of calomel sufficient to stimulate the liver, 
without weakening the patient by active bflious purging, are advisable. 
Under these circumstances it is usually best to give a saline to sweep 
the bile out of the duodenum, since if this is not done, the retching of the 
patient may draw into the stomach the freely secreted bile, which, in 
turn, will increase nausoe and vomiting. 

Whenever an anesthetic is given by inhalation, the patient should 
be directed carefully to rinse the mouth with some mild antiseptic 
solution, such as hydrogen dioxid, one port to three of water, or a weak 
solution of potassium permanganate. These solutions should be 
drawn between the teeth and used as a gargle in order to cleanse the 
mouth and fauces. Not infrequently the mouth of the patient is 
exceedingly foul, and it is a well-known fact that almost every form of 
micro-organism, pathogenic and benign, is found in such a mouth. 
Sensitiveness of the larynx being removed by the anesthetic, tiny 
particles of decomposing food from between the teeth, or decomposed 
epithelium and droplets of mucus and saliva, laden with germs, readily 
gam access to the trachea and bronchial tubes, and without doubt 
produce complications in the lungs in a large number of cases in which 
the anesthesia is considered the direct cause of the pulmonary lesion. 
These antiseptic precautions as to the mouth should be extended to 
the nasal chambers if they are found to be unhealthy, and are partic- 
ularly important in those of advanced years who have bad teeth and 
also those who have chronically enlarged tonsils, with foul secretions 
in the crypts. 

Prior to the administration of any anesthetic by inhalation the 
anesthetizer must carefully examine the patient’s mouth to determine 
that there is no foreign body present, such as tobacco, chewing-gum, 
particles of food, or false teeth. If this is not done, a foreign body 
may be drawn into the larynx, with serious results. The clothing 
about the chest and throat should be well loosened in order that it may 
not impair the respiration or the circulation of the great vessels of the 
neck. 

If possible, the room in which the anesthetic is given should be a 
different one from that in which the operation is to take place, m order 
that the preparations of the surgeons and nurses shall not alarm the 
patient. Core should be taken that this room is also quiet and that 
persons do not pass in and out or slam doors. In other words, every 
effort should be made to surround the patient with the conditions 
conducive to ordinary sleep, since by this means artificial sleep is more 
easily induced. 

There con be little doubt that the mental condition of the patient 
does not receive enough attrition from the average anesthetizer, to 
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whom the constant administration of the drug becomes a matter of 
routine. It is remarkable that patients whose thoughts are made to 
run in pleasant channels as the anesthetic is first given usually take the 
drug more quietly than those who inhale it in a condition of mental 
distress. This is particularly true of nervous women and children. 
When the fears of a patient who is conscious are developed into the 
terrors of semiconsciousness, in which the patient may imagine that 
the most frightful accidents are taking place, it can readily be under* 
stood that profound nervous shock is produced. Any one who has 
suffered from a nightmare, and studied his mental and nervous condition 
on awakening from it, will appreciate what marked functional changes 
can be caused by mental disturbance. For the purpose of diminishing 
mental anxiety and to shorten the period of consciousness and uncon- 
sciousness under the influence of either ether or chloroform, many 
surgeons administer a hypodermic injection of morphin, varying from 
i to J grain, and some combine with this atropin, in order to prevent 
circulatory failure. More recently many surgeons have employed a 
mixture of morphin and scopolamin, the latter drug being much more 
sedative than atropin, in addition to possessing the physical action of 
the alkaloid of belladonna. Both atropin and scopolamin distinctly 
decrease the tendencjy to profuse secretion of saliva and mucus, and so 
prevent the development of cyanosis, due to mechanic obstruction to 
the entrance of air into the vesicular portions of the lung. (See Mor- 
phin-scopolamin Anesthesia.) 

The Care of the Patient During and After the Administra- 
tion of the Anesthetic. — In addition to a plentiful supply of fresh air in 
the operating-room, it is essential in many cases that the body heat be 
maintained by artificial means. Too often the patient's body Is sepa- 
rated from the glass top of the operating-table by a very thin blanket 
or sheet, and not infrequently this cover soon becomes wet with irrigat- 
ing fluids, or by the water which is used in scrubbing the part which 
is to be operated upon, with the result that the patient's back is unduly 
exposed to cold and wet. In such a case pain in the back, congestion 
of the kidneys, and of the bases of the lungs is usually credited to the 
anesthetic instead of to exposure. In feeble patients it is better to 
maintain body heat by the use of warm bottles or warm-water bags 
rather than to cover the chest and limbs with heavy clothing, which 
will oppress the breathing. 

For the purpose of meeting circulatory and respiratory emergencies 
a hypodermic syringe, already charged with gr. of strychnin and 
ihf gr< of atropin, should be at hand, and adrenalin and hot normal 
saline should also be ready for immediate use by intravenous injection. 
(For details as to these measures see article on Chloroform.) 

The employment of a faradic battery for the purpose of resuscitating 
the patient who has suffered from collapse during the administration 
of the anesthetic is, in my opinion, almost of no value. While it is true 
that the employment of a strong current of faradic electricity swept 
over the body will produce a reflex effect which may stimulate the 
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vasomotor and respiratory center during moderate anesthesia (the 
anesthesia being due to the cerebral effect of the drug rather than upon 
an influence on the spinal cord), it is also a fact that if so much of the 
anesthetic drug has been employed that an accident has ensued, the 
reflexes are largely, if not completely, abolished, and therefore electricity 
fails to arouse these important physiologic functions. Many years 
ago Dr. Edward Martin and myself, in an original research,^ showed 
that the practice of placing one electrode of a faradic battery over the 
diaphragm and another over the phrenic nerve in the neck, with the 
idea of producing diaphragmatic contraction, is entirely futile, irrational, 
and even capable of doing harm. In the first place, the rapidly inter- 
rupted faradic current, if it acts at all, produces a persistent spasm of 
the diaphragm, and a diaphragm fixed in spasm is as useless as a dia- 
phragm inert from relaxation. In the second place, it is practically 
impossible to stimulate the phrenic nerve without the current diffusing 
to the vagus nerve, wliich lies close by, and so possibly causing inhibition 



Fiq. 476.— Abbjwt of the Heart rt Irhttation or the Vaottb Caused by an ATTEMrr Td 
Faraiiizb the Phrenic Nerve in the Neck. 


of the heart. Although it is true that stimulation of the vagi cannot 
permanently arrest a healthy heart, vagal arrest of the heart, sui^r- 
imposed upon profound cardiac depression, may provide the finishing 
touch to the laboring organ (Figs. 476 and 477). 

Should respiration cease under the effect of an anesthetic, artificial 
respiration should be at once performed. There are three methods 
by which considerable quantities of air may be made to pass in and out 
of the chest by the efforts of the op^ator. One of these is the so-called 
Sylvester, method, in which the arms are drawn above the head after 
abduction and then adducted and laid across the chest with pressure 
upon the thorax. This' is impracticable in most cases of anesthetic 
accident because of the narrowness of the operating table and the 
absolute flaecidity of the patient. The method advocated by Schftfer 
within the last few years, in which the patient is laid upon^the anterior 
surface of the body with the head turned a little to one side, so as to 
avoid obstructing the mouth and nose, is also diffiwlt of performance 
upon an operating-table. In this method pressure is exerted upon the 
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floating ribs, the heel of each hand bemg applied to the chest-wall at 
about the posterior axillary line, so that the lower segment of the chest 
is not only pressed upon from above, but compressed laterally. This 
method has the advantage that fluids, such as excessive secretion and 
vomitus, escape from the mouth and nose by gravity. The method 
which is most frequently employed, however, is that of Marshall Hall, 
which, although it possesses great disadvantages in that the volume of 
air which enters the chest is less than with the other methods, is more 
readily performed when the patient is lying upon an operating-table. 
In this method the patient, lying in the dorsal position, is treated by 
pressure exerted by the hands of the operator twelve times a minute 
upon the front and sides of the lower segment of tlie chest. The natural 
resiliency of the thorax draws air into the lunp when the pressure is 
removed. When this method is employed, it is necessary to see that 
the mouth and phar}mx are free from secretion and fluid. 

The Sylvester method is practically impossible on an ordinary 
operating-table. 



Fxo. 477.— Another Expehiiibnt with the Same Result as in Fxo. 476. 


Laborde’s method of artificial respiration is not so efficacious as the 
others, but can be used when the conditions prevent their employment 
in large, fat persons who are so chunky and heavy that artificial respira- 
tion, by compressing or moving the thorax, is impossible. It consists 
in seizing the tongue with forceps and drawing it fully out of the mouth 
with considerable traction fourteen times a minute. The effect produced 
is entirely reflex, since these movements cannot, of course, mechanically 
affect the chest-walls. 

The posture of the head, when artificial respiration is bemg per- 
formed, is most important. Many years ago Howiurd, of London, 
showed that if the he^ is allowed to hang over the end of the operating- 
table, the epiglottis is completely removed from the {^ottis in such a 
way that the free passage of air is allowed. On the other hand, as has 
been pointed out by Dr. Martm and myself, this method of Howard 
causes the soft palate to be strapped over the root of the tongue in such 
a way that respiration must be carried on through the nasal passages, 
which is a great disadvantage in view of the fact that these passages 
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may be obstructed by secretion, by hypertrophied turbinated bodies, by 
^enoids, or by deformities. Dr. Martm and I proved that if the head 
is extended and shot forward, so that the occiput is raised from the 
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at least in part, by placing a tightly rolled towel upon the table, between 
the nape of the neck and the occiput. It is distinctly the most efficient 
posture for the head and neck when artificial respiration is to be per- 
formed (Fi^. 478 and 479). 

If care is taken that the anesthetic is not given too freely, thereby 
irritating the pharynx and lar 3 mx and relaxing the patient too greatly, 
and if the posture of the head just advocated be maintained, little 
trouble will be experienced in most cases because of stertorous breathing, 



Fia. 480. — Sgnn's ToNaCB-HOLDiNci Fokceph. 


due to relaxation of the soft palate and falling back of the tongue. This 
falling back, or ''swallowing of the tongue,'^ is more prone to develop 
in old persons with relaxed cheeks and no teeth than in other individuals. 
If it occurs, and change of posture of the head does not relieve it, the 
tongue may be seized by the thumb and finger covered with a towel, 
and drawn forward, and if this measure fails, then tongue forceps 
should be used. Dr. George W. Spencer, of the Jefferson Hospital, 
who has had an experience of over 6000 cases, decidedly prefers the 



Fig. 481. — Hbibtbr’b Mouth-Opbnbr. 


forceps with a single tooth (Fig. 480) to the fenestrated forceps on 
account of the danger of destructive pressure upon the tissue of the 
tongue by the latter. Especially is this a danger in cases in which 
rhythmic traction upon the tongue is necessary. While it is true that 
the toothed forceps produces a punctured wound of the tongue, yet 
neither Keen nor Spencer has ever seen such a wound become infected. 
Care, however, must be taken with the toothed forceps, especially when 
rhythmic traction is required, lest the tongue be tom. Spencer strongly 
advises that the tongue should be seized by the toothed forceps, not 
vertically, as is usually done, but horizontally, i. e., at the sides. 


CARE OF PATIENT DURING AND AFTER ANESTHESIA. 1017 


In addition to a pair of tongue forceps the anesthetizer should be 
provided with a mouth-opener, such as that of Heister (Fig. 481) or 
Buxton’s ratchet gag (Fig. 482). These may be employed for the 
purpose of forcing apart the jaws when there is spasm of the masseter 
musclra, or for holding the jaws apart when such spasm is feared. 
Sometimes a wooden wedge can be used for the same purpose. (See 
Luke’s book.) 

To pravent irritation of the respiratory passages, Spencer uses 
a spray of menthol and camphor, 8 grains of each in an ounce of liquid 
albolene, which is very effective. He also prevents irritation of the 
conjunctive by frequently dropping into the eyes a warm solution of 
boric a<;id, 6 or 8 grains to the ounce. 

When the circulation fails suddenly, or becomes feeble and the 
face is pallid, the patient will often be greatly benefited by the Tren- 
delenburg posture, but this posture must not be used if the face is 
cyanosed, and with caution, if at all, in persons who have large bellies 



Fiq. 482. — Dudley Buxton’s Ratchet Pattern Gag. 


or in those who have had large bellies as the result of disease. In these 
persons the pressure of the abdominal contents upon the diaphragm 
seriously impedes respiration and the heart. When enlargement of the 
belly has pushed out the lower ribs, the withdrawal of a large growth 
or much fluid leaves the diaphragm relaxed, and I have seen death 
ensue after a large C 3 r 8 t of the ovary had been removed, because every 
inhalalion drew the flabby diaphragm so high in the chest that sufficient 
air could not be inspir^. In such cases bandaging the extremities 
must be resorted to, to confine the blood to the vital areas of the body. 

Patients who have been deeply anesthetized for the performance 
of severe operations, particularly if the operation has been a long one, 
should not be placed in bed until they have begun to come out from 
the anesthetic, and should' never be left alone until they have thoroughly 
recovered from the effects of the drug. During the period of returning 
consciousness the attendant should see to it that the patient does not 
draw into the deeper respiratory passf^ mucus and other secretions 
from the mouth and nose, or, after vomiting in the semi-anesthetic 
state, inhale materials which are brought up from the stomach. When 
coughing or vomiting occurs, such patients should be at once turned 
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on the side in such a way that free drainage from the mouth can take 
place. 

When vomiting follows the use of an anesthetic with sufficient 
persistency to cause great discomfort or seriously to impair the patient’s 
chances of recovery, several measures for relief may be resorted to. 
One of the simplest of these is the inhalation of vinegar fumes, the 
vinegar being poured upon a napkin and held over the patient’s nose 
and mouth. How this remedy acts is not known. One of the most 
efficient internal remedies is acetanilid, ^ven in 1- or 2-grain doses, 
every fifteen minutes or half-hour until 8 grains are taken. It may be 
dissolved in brandy, which is to be poured over shaved ice, and given 
in teaspoonful doses, or it may be placed as a dry powder on the tongue. 
In other cases similar doses of chloretone may to used, and if vomiting 
is incessant, so that the very attempt to swallow results in regurgitation, 
chloretone dissolved in brandy may be given in the comer of the mouth 
drop by drop, by means of a medicine-dropper, the medicament finding 
its way gradu^y into the stomach and anesthetizing the mucous 
membrane as it goes. Small doses of cocain, varying from 1 to 1 grain, 
may be given in similar manner, but not more thmi 2 grains should be 
used in several hours lest it produce marked systemic effects. In other 
cases vomiting may be stopped by washing out the stomach by the use 
of a stomach-tube. Sometimes it may be necessary to give a rectal 
injection of 30' to 40 drops of deodorized tincture of opium with 60 
grains of sodium bromid to quiet the vomiting center. If suppression 
of urine comes on, a hypodermic injection of nitroglycerin to relax 
spasm of the renal vessels, or the h}rpodermic use of 1 grain of spartcin 
sulphate, may be efficacious in restoring the flow of this secretion, and 
the injection into the rectum of hot water, or even very cold water, 
may reflexly influence the renal vessels and so cause a flow of urine. 
In other instances two dry cups over each kidney are useful, or, in 
their place, a hot poultice may be placed under the loins. 

Finally, it is important to remember that the skilful anesthetist is 
he who succeeds, by the administration of the drug in hand, in inducing 
surgical anesthesia and sufficient abolition of voluntary movement to 
permit the surgeon to operate without mconvenience, and yet does not 
overdrug his patient. Too often the desire to produce absolute quiet 
results in the patient’s being saturated with the drug. This condition 
of saturation may seem to be advantageous during the operation, but 
the development of complications, which are frequently very serious, 
not seldom counterbalances any advantages primarily obtained. 

CHLOROFQRH. 

Physiologic Action of Chloroform. — ^There is no drug or 
medicinal substance which has been so carefully and constantly studied 
by the bedside, the operating-table, and in the laboratory as has chloro- 
form, and there is certainly no drug which during the last fifty years 
has given rise to more discussion. Indeed, it may be truthfully said 
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that no other subject in the realm of medicine has received such universal 
attention in every land, and by men in almost every department of 
medicine and surgery, not excluding the pathologist. 

Chloroform acts upon all living protoplasm as a depressant or paraly- 
zant, the difference in its action in various quantities, large or small, 
bemg a difference in degree and not in kind. Any apparent stimulant 
effect is in reality due to its primary irritant properties, and any increase 
in the rapidity or depth of the respiration and in the speed and vigor 
of the heart or rise in the blood-pressure being apparent and not real, or, 
if real, dependent upon the psychic effect of the drug or to the primary 
irritant effect of its vapor if it is used in concentrated form. Although 
clinically, and in the laboratory, many observers have reached conclu- 
sions that are at variance with some of the following statements, I 
nevertheless, believe, from a careful study of the literature and my own 
observations, that they give briefly the actual effect of the drug on the 
nervous, the respiratory, and circulatory systems of a healthy person. 

Given by inhalation, secundum artem, chloroform, after a brief 
quickening of the pulse and respiration, causes a gradual decrease in 
the activity of the perceptive portions of the cerebrum, followed or 
accompani^ by a similar obtunding of the intellectual activities (of 
the anterior — ^the frontal — convolutions), and, finally, if the dose be 
adequate, produces a similar state of quiescence of the motor portions 
of the cortex. It also depresses the sensory pathways in the spinal 
cord, and, if still further pushed, depresses the sensory portions of the 
medulla. If still further pushed, the motor portions of the cord and 
medulla are depressed, but when this effect has been produced, the 
drug has been used to a degree considerably in excess of the amount 
which should be employed for surgical anesthesia. A step more, and 
the vital functions which reside in these parts will be abated, and 
death will ensue. It is by its action upon the perceptive centers in 
the posterior convolutions that the chief anesthetic effect of the drug 
is produced, for, as already pointed out, it is possible by its use to cauM 
dimmished sensibility before cerebration, in the sense of thought, is 
id>lated, and before voluntary movement is arrested. The exact 
change produced in the cells is generally believed to be a solution of 
their lipoid substance, which, however, is not removed from the cells, 
which return to, their normal state as the effects of the drug cease. 

Upon the respiratory and circulatory systems the action of the 
drug is forcible and important. There can be no doubt that the dom- 
inant effect of the drug upon the respiratory center is depressant, 
but this action is in part due to the alterations in the blood-supply of 
the medulla, and is not a factor of great importance as compared to its 
circulatory effect. In other words, the drug in any dose, within the 
limits of ordinary usage, does not cause death by direct depression of 
the respiratory center in a previoudy healthy person. The changes in 
the blood-supply of the medulla and the effect upon the mind of the 
patient may alter the rhythm and depth of the respiratory movements, 
and these are to be carefully watched, not because they directly presage 
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disaster, but because they afford an opportunity to determine the dose 
of chloroform being inh^ed, the quantity on the inhaler not being a 
guage. In other words, the respiration is to be watched, because if deep, 
rapid, or stormy, a dose of the drug may be taken which will produce 
disaster to the circulation and indirectly to the respiration. Those 
who at the present day advocate watching the respiration rather than 
the pulse, do nut do so because they believe that death is due to failure 
of the respiratory center, but because they regard this function as a 
delicate indicator of good or evil progress. 

In all cases, watching the respiration is more important than watch- 
ing the pulse, because by this means we estimate the dose, and we 
estimate how, much the respiratory center is suffering from a failing 
circulation, whereas when the pulse flags or stops, the danger is so 
imminent that it may not be put aside. If possible, watch both func- 
tions, but if not both, then watch the breathing. 

When we <jome to discuss the effects of chloroform on the circula- 
tion itself, we meet with the chief flelds of physiologic debate. There 
can be no doubt whatever that chloroform in any dose diminishes 
cardiac power rather than increases it, but there can also be no doubt 
whatever that when given to a healthy man the depression of the 
heart muscle is not the chief primary effect on the circulation. The 
primary and chief effect is upon the vasomotor center, and possibly 
upon the muscular coats of the vessels, and, as a result, ehloroform 
always causes a fall of blood-pressure from the very first moment 
of its use after the nervous apprehension of the patient ceases. The 
work of Bowditch and Minot (Boston Medical and Surgical Journal, 
1874), of myself and Thornton (Therapeutic Gazette, February, 1893), 
and of the two Hyderabad Chloroform Commissions (Bombay, 1888 
and 1890, also London Lancet, .January 18, 1890, prove this beyond all 
doubt, and every research that we have studied shows the truth of this 
assertion, namely, that a fall of blood-pressure occurs. 

This fall of blood-pressure is not alone due to depression of the 
vasomotor center, but in part to the dilatation and diminished power 
of the heart, which in consequence drives the blood with less power 
and in less quantity a minute into the arteries. As the pressure falls 
the blood-supply to the medulla and the respiratory center is decreased, 
and the functional activity of these parts is diminished, partly by the 
direct and partly by the indirect effect of the drug. Aside from the 
experimental evidence of this fact, the whole history of the methods 
of restoration in chloroform accidents reveals that the object aimed 
at is on increase in the supply of blood to the medulla. The inversion 
of the patient, the application of bandages to the limbs, the employ- 
ment of atropin to prevent or relieve “bleeding into the vessels” of the 
splanchnic area, are all efficacious, because they supply the medulla with 
blood, and they would be futile if the impending death were due to 
cardiac failure or arrest. Incidentally, of course, the restoration of 
medullary activity and arterial pressure supplies the coronary vessels 
with more blood, and so the heart is bettered. The use of pressure 
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on the abdominal aorta, as devised by Tjeonard Hill, whereby the 
circulation is chiefly confined to the upper segment of the trunk and 
the arms, is efficacious for this reason. On one occasion, when I was 
giving chloroform for a collea^e who was doing an abdominal section, 
the face became ghastly white, the pulse was lost, and the heart- 
sounds were inaudible, yet instant recovery ensued when, at my 
request, he grasped the aorta through the abdominal wound and so 
restored blood-pressure in the cerebral vessels and heart. If the heart 
had stopped, such a measure would have been fruitless. When the 
additional fact is recalled that very many of the accidents from 
chloroform liave occurred when the patient was sitting .in a dentist’s 
chair and not reclining, this state of vascular relaxation becomes still 
more evident. 

To sum up, therefore, chloroform may be said to act primarily upon 
the vasomotor center, secondarily upon the respiratory center, directly 
and indirectly, and, lastly, upon the heart. Of course, any sharp divid- 
ing line between these effects is impossible, and all arc depressed simul- 
taneously, the difference being in degree. The statements just made 
do not in any vray whatever deny that chloroform may cause deatli by 
sudden cardiac failure, the arrest of the heart in such a case being the 
dominant effect of the drug, because what holds true of a man in health 
does not hold true of a man who is diseased. In a man who has a 
degenerated myocardium, in which the remaining functionating fibers 
are staggering under the load caused by an abnormally high tension 
due to arteriocapillary fibrosis, all the factors are present, whereby a 
cardiac death is produced. 

We come then to the important question of the influence of chloro- 
form in producing cardiac arrest through irritation of the vagus nerves, 
the reflex starting through the trigeminus or the laryngeal nerves. 
Although it is impossible to arrest the heart permanently in a healthy 
person by increasing vagal activity, this influence, in a case of myocar- 
dial disease, or when the heart is depressed by chloroform, may be the 
last straw to turn the balance. 

Chloroform exercises no direct effect on the blood. The drug is 
carried by the corpuscles, not the plasma, except to a very slight extent. 
Buckmaster and Gardner (Proceedings Royal Society, 1906, Ixxviii., 
414; 1907, Ixxix., 309; 1907, Ixxix., 666, 666) have shown that the con- 
centration of chloroform in the blood for anesthesia is 14 to 27 milli- 
grams to 100 grams of blood, and that 40 milligrams to 100 grams 
causes death. Tissot (Revue Scientifique, vol. v., and Lancet, 1908, 
ii., 1232), on the other hand, places the lethal dose of chloroform at 
from 60 to 70 milligrams per 100 grains of blood. 

The effects of chloroform or of any other anesthetic, for that matter, 
do not depend upon the quantity placed upon the inhaler nor the 
quantity taken into the lungs, but upon the amount which is absorbed 
from the lungs by the blood, and again upon the amount which is 
absorbed by the tissues from the blood, and particularly those tissues 
of the nervous system which are closely associated with vital function. 
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Tissot has shown that when chloroform narcosis is developed slowly, 
that is, in from ten to twelve mmutes, anesthesia is effected by from 32 
to 38 milligrams in 100 grams of blood. In more rapid narcosis the 
amount is from 50 to 70 milligrams in 100 grams, and in medium cases, 
taking from four to six mmutes for the development of chloroform 
anesthesia, 42 to 46 milligrams to each 100 grams are present. Tissot, 
however much his results as to exact percentages may differ from some 
other investigators, as, for example, Buckmaster and Gardner, never- 
theless is in accord with them to the effect that the lethal dose of 
chloroform in the blood is double the anesthetic dose. It would seem 
probable that the accumulation of chloroform in the tissues depends to 
a certain extent upon their activity and the activity of their blood- 
supply. Where the circulation is free and the chloroform is deported 
from the tissues almost as rapidly as it is imported, the danger is much 
less than if the circulation is impeded, since, under these circumstances, 
the importation is more rapid than the deportation. This is probably 
one of the reasons why asphyxia, which always results in venous con- 
gestion, and struggling on the part of the patient, which produces a 
similar effect, is so prone to be accompanied by chloroform accident. 
It would also seem probable that the longer chloroform is administered, 
the greater the quantity accumulates in the tissues. This is manifest 
from the clinical observation that patients who have inhaled chloroform 
during a long Operation exhale this drug on the breath fur many hours 
after the anesthetic has been discontinued; whereas this does not occur 
if the use of the anesthetic has been brief. The very presence of chloro- 
form on the breath one or two days after the operation shows that it 
must have been stored in the tissues. This storage of chloroform in 
the tissues also explains why it is that delayed cUoroform poisoning 
develops after prolonged o^rations more frequently than after short 
ones. All these facts serve to emphasize the necessity of administermg 
chloroform slowly and deliberately. (See Untoward Effects of Chloro- 
form, infra.) 

Chloroform is rapidly eliminated by the lungs, and if given freely, 
by the kidneys, which it may irritate, but not sufficiently, if they are 
healthy, for this effect to be given serious consideration. (See Effects 
of Chloroform during its CUnical Use.) 

The pupils are slightly dilated under chloroform. If they go into 
wide dilatation, this is an alarming sign, as it often shows relaxation of 
the sphincter muscles, which is associated with impending death. 

The Administration of Chloroform. — Chloroform should never be 
used as a surgical anesthetic unless it is capable of responding to the 
following testa: Its speciffc gravity at I?** C. should be 1.491 to 1.500. 
Its boiling-point, 60.16° C. (140.2° F.). It must be perfectly trans- 
parent and without color, and absolutely neutral to test-paper. Its 
vapor should not be irritating, and when poured over the hand or upon 
a watch-glass it should leave no odor after it has evaporated, nor any 
residue in the ^ass. If shaken with strong sulphuric acid, not more 
than the famtest trace of a brown discoloration should appear, and no 
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precipitate should be formed when it is mixed with a solution of silver 
nitrate. Added to caustic potash and heated to the boUing-point, a 
brown color should not appear. 

Chloroform should never be used near the flame of a gas>jet or 
coal-oil lamp, since under these circumstances the chloroform vapor 
is decomposed, with the production of exceedingly irritating fumes, 
composed principally of hydrochloric acid and chlorin, which may cause 
an intense irritation in the respiratory passages of the surgeon, the 
patient, and the anesthetizer. When it is necessary to operate under 
chloroform and in the presence of a near by gas-flame, the irritant fumes 
can, to a certam extent, be neutralized by hanging in the room towels 
wet with ammonia water. 

When chloroform is administered by inhalation in proper quantities, 
the respiratory passages are not irritated by its vapor, the patient 
gradually becomes stupefied, and then often, with great rapidity, 
passes from the condition of consciousness to one of unconsciousness, 
only a few seconds elapsing between one state and the development 
of the other. Because of the profound dilatation of the splanchnic 
vessels, the skin is usually pallid under chloroform. 

In the administration of chloroform it is of vital importance that 
there shall be a free supply of fresh air, not alone to the room in which 
the drug is given, but the air must have free access to the patient’s 
lungs. One of the reasons why the percentage of deaths from chloro- 
form is less in warm countries, as, for example, in India, than in cold, 
is that the operations in the tropics are performed practically in the 
open air, whereas the atmosphere of the operating-room in the tem- 
perate zone, at least in the winter months, is often so stifling that it 
oppresses the spectators, although the attendants and the surgeon may 
not notice it because of their interest in the operation. 

A common method of giving chloroform in America consists in drop- 
ping the drug on a folded napkin, which is then held over, not in contact 
with, the patient’s nose and mouth, the patient’s head being as low as 
the trunk. Another method, better than this, is the use of the wire 
mask, called the Esmarch or Schimmelbusch Inhaler. Over this mask 
is stretched a sin^e thickness of thin flannel, and upon this flannel 
the chloroform is allowed to fall, drop by drop, no attempt being 
made to saturate its entire surface. It has been shown that the 
texture of this piece of flannel, or of other cloth, greatly mflumces the 
dose of chloroform actually received by the patient, since a wide mesh 
permits the rapid diffusion of the chloroform, and the air is drawn so 
readily through the fabric that it takes with it a large amount of chloro- 
form vapor. 

For many years English surgeons have resorted to the use of cumber- 
some and complicated apparatus for the administration of th^ drugs 
which are employed to produce anesthesia by inhalation. It is aivraye 
wise to use tte simplest apparatus possible in the performance of any 
Tnaf.hA.tiift or other .oct requiring extraneous aid, and this rule certainly 
applies in regard to the administration of these pain-relieving agents. 



1024 


GENEBAI. ANESTHESIA AND ANESTHETICS. 


The ordmary folded napkin or towel, or the exceedingly simple inhaler 
of Esmarch, is without doubt the best thing which can be used for the 
administration of chloroform. If, however, it is considered desirable 
to use a mechanic inhaler, the instruments of Junker or Skinner (Fi^. 
483 and 484) may be employed. 

There are three cardinal rules in the use of chloroform for the 
production of anesthesia, namely: give a plentiful supply of atmos- 
pheric air and only enough chloroform to put the patient gently to sleep. 
If the respirations become stormy or their rhythm is greatly disturbed, 
the drug should be withdrawn until they are normal, and, lastly, if 
the patient struggles, no chloroform should be given imtil the struggles 
cease. The free use of the drug to overcome struggling has frequently 
caused death, because the heart is strained and depressed by the muscu- 
lar efforts, by the chloroform and the COj in the blood, and the dose 
inhaled is unknown and beyond control. Hewitt, Lawrie, and many 
others very properly insist that when chloroform is given, its dose 
should be so nicely adjusted that a trace of the comeal reflex is retained. 



Fia. 483. — ^Junrkr'b Inhaler fdr Adminib- Fig. 484.— Skinner's Mask for Admin- 

TEHiNG Chloroform. ibtration of Chia>rofoiim. 


The skilful anesthetist, by the exercise of judgment, can vary the 
quantity of the anesthetic according to the needs of the patient at 
different periods during the operation. At times, when the surgeon is 
not dealing with sensitive tissues, the patients may be kept upon the 
borderland of anesthesia. A few moments later it may be advan- 
tageous for the time being to push the anesthetic in order to overcome 
necessarily painful procedures. Thus, it is well known that when the 
first incision is made into the abdominal wall, death frequently occurs. 
In nephrectomy, when the pedicle is being pulled down, dangerous 
symptoms som^imes arise, and this also occurs in hysterectomy, when 
the greatest tracition is being made upon the organs. There is some 
difference of opinion, however, m regarrl to the value of increasing the 
effects of the anesthetic at these critical moments. While many sur- 
geons and anesthetists think it advisable, no less an authority than 
Hewitt believes that the pushing of the anesthetic at this time may 
add the shock of the anesthetic to the shock (ff the operation, and, 
therefore, increase the danger rather than diminish it. 
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If shock is already present, chloroform is a more dangerous drug 
than ether, and the greater the shock, the lighter should be the anes- 
thesia developed by the use of either of these drugs. There can be no 
doubt that the greater amount of shock occurring during the adminis- 
tration of an anesthetic occurs in abdominal, thoracic, and cerebral 
operations, and also those upon the testicle and kidneys. 

Untoward Effects of Accidents Due to Chloroform.— The most 
common accident under chloroform is sudden circulatory failure. This 
is to be prevented, in cases in which the state of the patient before 
operation leads one to fear trouble, by the h}rpodermic injection of 
grain atropin, which has been proved experimentally and clinically 
very actively to prevent sudden circulatory collapse, chiefly by raising 
blood-pressure in the splanchnic vessels, and to a less extent by dimin- 
ishing the irritability of the vagus. Another preventive measure is 
the application, to the limbs, of tightly fitting elastic or flannel ban- 
dages, so as to confine the circulation largely to the trunk. Upon the 
onset of definite signs of circulatory failure the patient should be 
inverted by having the legs hang over the surgeon’s shoulders while 
the head rests upon the floor. An assistant should give ^ grain atropin 
with iV grain strychnin hypodermically into the pectoral muscle, be- 
cause absorption is quicker from a muscle than from the subcutaneous 
tissues, and because the circulation in the limbs is so poor that absorp- 
tion will not occur promptly from these areas. The reflex effect of 
giving the injection into the chest-wall is also advantageous. This 
advice, at least so for as the use of strychnin is concerned, is given 
advisedly, notwithstanding the statement made by some persons that, 
as the vasomotor center is paralyzed, strychnin can do no good. In 
the first place it is not par^yzed, but only depressed, and this being 
the case, strychnin can wake it up. In the second place, excellent 
experimental work has proved that strychnin will aid resuscitation, 
and, in the third place, that most excellent physiologist, Townsend 
Porter (Amer. Jour. Physiol., December 2, 1907), of Harvard, has shown 
that the operative procedure does not, in all probability, lower pressure 
by paralyzing the vasomotor center by shock. Strychnin has been 
greatly abused by surgeons in operative shock, but it is now unreason- 
ably banished from the operating-room by many operators. 

The inhalation of amyl nitrite in this state is based upon an utterly 
erroneous idea of its effects. It still further increases vascular relaxa- 
tion and decreases the motor activities engaged in respiration, a func- 
tion which should be as active as possible to help eliminate cMoroform 
from the lungs. There can be no doubt that active artificial respiration 
is, for this reason, advantageous, and it possesses the additional advw- 
tage that the application of pressure by the hands upon the thorax mds 
directly or indirectly in relieving the engorged cardiac cavities. If the 
belly is open, the engorged heart may be started again by unloading 
its cavities through gently manipulating this viscus through the dia- 
phragm. 

As soon as possible, adrenalin ehlorid, m the proportion of 1 dram of 

VOL. V— as 
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the 1: 1000 solution to 1 pint of hot normal saline, should be given 
intravenously. Under these circumstances the adrenalin is carried 
promptly to the heart, which it stimulates, and then is distributed by 
the blood-stream to the arterioles, which it contracts, and thereby raises 
blood-pressure. Grile has advised its use intra-arterially against the 
direction of the blood-flow. This may be advantageous if arterial 
circulation has ceased and venous stasis is absolute, but if the circulation 
has not ceased — and it has not in most humans who can be resuscitated 
— an intra-arterial injection must fail, since the adrenalin-saline solu- 
tion will not go against the blood unless the force used in the injecting 
is very great, and if it be great, the work of the heart is increased. 
Even if a high pressure is used, the drug cannot reach the heart through 
an artery while the blood is still flowing, unless a great cervical vessel 
is used. Furthermore, the value of the adrenalin is due to its effects 
upon the muscular flbers of the arterioles, as it does not act upon the 
vasomotor center. The sooner it goes to the arterioles, therefore, the 
better. 

The intravenous injection of normal salt solution for the purpose 
of directly raising blood-pressure in chloroform collai)se is futile, because 
many times the total quantity of the blood can be injected without 
raising arterial tension. Indeed, before the pressure rises the patient 
is drowned by extravasation into his tissues. Further, the injection 
of a great bulk of saline only increases the labor required of the dis- 
tended and enfeebled heart. 

Another useful method in combating shock or collapse during the 
administration of an anesthetic is to give, by the rectum, from a pint' 
to a quart of hot normal saline solution or an equal quantity of strong 
coffee. Such an injection does good not only by its absorption and 
by its heat, but also by the reflex effect which it produces upon the 
blood-vessels of the abdominal viscera. 

In addition to applying bandages to the extremities in feeble patients 
to whom chloroform has to be given, it is often wise to place the body 
in the Trendelenburg position, since by this means the circulation at 
the base of the brain is more readily maintained. 

Within the last few years the development of post-anesthetic 
chloroform illness and death has received wide attention, particularly 
careful studies having be^n made by Bevan and Favill in America, 
Guthrie in England, and a number of others. (See Bibliography.) It 
has been proved to be a state closely allied symptomaticaily and 
ptathologically to diabetic coma, and is a form of acidosis. It is par- 
ticularly prone to develop in diabetics and in persons who are unduly 
fat, or those suffering from prolonged suppuration or other debili- 
tating maladies. 

The symptoms of so-called delayed chloroform poisoning appear at 
various intervals after the patient has apparently recovered from the 
shock of the operation and the use of the anesthetic. They may 
begm with the vomiting of foul, watery-looldng fluid, sometimes 
resembling the dregs of beef-tea. The vomiting is accompanied by 
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extreme restlessness and an active delirium, which often changes to 
a state of apathy, which, in turn, more or less speedily deepens into 
coma. Jaundice and albuminuria soon develop, but death may not 
come on for four or five days, or even longer than this. Such symptoms 
usually do not develop before the twelfth or later than the forty-second 
hour after the anesthetic has been taken. The breath of these patients 
often has the odor of acetone, and diacetic acid and acetone are found 
in the urine. That symptoms of acid intoxication are not so rare as 
some persons have thought is shown by the fact that J. A. Kelly, in 
400 cases collected in the Children’s Hospital of Boston and the Boston 
City Hospital, found 46 which showed signs of acid intoxication, and 
of the 46, 6 died. The lesions found at autopsy in these cases consist in 
fatty changes in the liver resembling those characteristic of acute 
yellow atrophy, fatty changes in the kidneys, the suprarenal bodies, 
and in the epithelium lining the stomach. 

In order to avoid delayed chloroform poisoning the drug should not 
be used in patients suffering from dialietes, prolonged suppuration, 
and hepatic cirrhosis. It should also be avoided in children of the large, 
lymphatic type. Malnutrition and starvation, which are, after all, 
nearly relateil states, lUso predispose to the development of chloroform 
poisoning, and, therefore, when chloroform is given, there can be no 
doubt that the preliminary diet of the patient shoulil be carefully regu- 
lated, smee much can l)e accomplished by this means in preventing 
acidosis. (See Preparation of the Patient for Anesthesia.) 

ETHER. 

Physiologic Action. — When ether is locally applied to a mucous 
membrane, it acts as an intense irritant, whether it be in the form of 
liquid or vapor. When inhaled or swallowed it is eliminated chiefly 
by the lungs, and in small part by the kidneys. It escapes from the 
body unchanged. It exercises its dominant influence upon the cere- 
brum. Primarily, it benumbs sensation by depressing the perceptive 
centers in the posterior convolutions of the brain; secondarily, it 
depresses the intellectual centers, and finally it depresses the motor 
cortex. Upon the spinal coni its influence is exerted upon the sensory 
tracts. If given in overdose, it acts as a depressant to the sensory 
portions, and then to the motor centers of the medulla. Neither the 
motor nor sensory nerves are affected by any dose which is ever 
employed for therapeutic purposes. When taken internally, or when 
inhaled in the form of vapor, ether causes a rise of arterial, pressure by 
stimulating the vasomotor center and also by stimulating the heart. 
In moderate amounts there is an increase in pulse force and in pulse 
frequency, because of its stimulant effect upon the heart muscle. When 
large doses are given, ether is, however, capable of acting as a cardiac 
depressant; Upon the blood it produces no direct effect so far as our 
present knowledge extends. If given in poisonous amounts, it causes 
death by failure of the respiratory center. The heart is also depressed 
partly from the drug and partly from the accumulation of CO,. 
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The Administration of Ether. — When ether is used in the pres- 
ence of naked light or fire, the distance between the two must always be 
at least eight feet. It should also be recalled that, as ether vapor is 
heavier than the atmospheric air, it falls to the floor and is present there 
in far more concentrated form than the anesthetizer appreciates, and, 
being carried by draughts to a Are in an open grate, may cause an ex- 
plosion, in which the flame may leap to the inhaler and perhaps seriously 
bum the anesthetist and the patient. A number of cases of this char- 
acter have been reported, and Mr. Shield states that he has known the 
breath of a patient under ether to become ignited by a lamp held near 
by. Instances are also reported in which the use of a cautery in the 
neighborhood of the face has resulted in ignition of the vapor. 

When ether is given by inhalation, the fact that its vapor is heavier 
than the atmospheric air must never be forgotten, since it passes from 
the inhaler to the respiratory passages of the patient in far more con- 
centrated form than it passes to the face of the anesthetizer, whose 
nose and mouth are above the inhaler. It is for this reason that, during 
the first few moments of the administration of this drug, patients so 
often manifest restlessness and complain of a sense of oppression, and 
state that the drug is being pushed too rapidly. During the first 
few moments of the administration of ether, therefore, the inhaler 
should be brought very gradually toward the face in such a way that 
the patient’s ^nsibilities are benumlied before concentrated vapor 
is actually inhaled. As the effects of the drug become manifest there 
is often some quivering of the eyelids and shallow breathing, alternated 
with deep inspirations; the face becomes flushed, the pupils dilated, the 
pulse is quickened, and occasionally the patient holds the breath for a 
number of seconds; indeed, it may be held for so long a time as to cause 
anxiety on the part of a novice. It is during this stage that the greatest 
consideration should be shown to the patient’s sensibilities, and an 
encouraging word will often be of material aid in making the first stage 
quiet and devoid of complication. As the effect of the drug gratlually 
increases a certain amount of muscular rigidity often develops, and 
hallucinations are often present, so that the patient thinks he hears 
various noises which in reality do not exist. At this time the patient 
may become more or less restless and even violent, and if the second 
stage is delayed in its full development, he may act as one intoxicated 
by alcohol— laughing, swearing, taking, or struggling. It is in alcoholic 
patients that these n\{uiifestations are chiefly met with, and they appear 
more commonly in men than in women. It is a noteworthy fact that 
women of the better classes usually take ether very quietly if they have 
confidence in the anesthetizer and are moderately encouraged, whereas 
women of the lower type are often exceedingly noisy, struggling violently. 
Owing to these hallucinations, no anesthetic — and this is especially true 
of ether — should ever be given by the surgeon alone. The patient may 
attack the surgeon in the belief that he is an enemy, and may do him 
serious bodily harm. In the case of women, this precaution is especially 
needful, lest they become the victims of a fixed hallucination that the, 
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swgBon has attempted to assault them, and even brine suit aeftinat - 
him. ® 

If the ether is pushed in moderate quantity, as it should be, the state 
of full anesthesia is soon developed. Under these circumstances there 
18 loss of the reflex action, unconsciousness, and muscular quiet, volun- 
tary motion being almost entirely lost. The pulse is full and strong, 
and usually somewhat quickened. At first the arterial pressure is 
raised, but if the etherization is continued for a long period, is eventually 
lowered. As ether raises blood-pressure and does not dilate the splanch- 
nic vessels, the skin is often flushed during the whole time that the drug 
is skilfully administered. The respirations are usually a little deeper 
than normal. The temperature is constant if the anesthesia is brief, 
but if prolonged, it falls rapidly, a drop of os much as from 1 to 3 degrees 
often taking place. In those instances, however, in which a fall of 3 
degrees takes place, the shock of the operation is probably the chief cause 
of the fall in body heat. Even if ether is given skilfully, there is often 
such distinct flushing of the face that slight cyanosis may be present. 
If the respiratory passages become choked with secretion, and if the 
patient is deprived of an adequate quantity of atmospheric air, distinct 
cyanosis often appears, but it usually speedily disappears if the ether 
is stopped for a few moments. If a great amount of mucous accumu- 
lates in the air-p^sages, the head-down ixjsture will often relieve, or 
in the case of children, they may be held up by the heels for a few 
moments. The mucus may escape even in a copious sti'eam. lieyond 
this stage of surgical anesthesia the effects of ether should never be 
pushed, since the development of its effects to a further degree will be 
followed by total muscular relaxation, which will involve the dia]}hragm, 
and so seriously impair respiration, the drug under these circumstances 
also acting as a depressant rather than as a stimulant to the respiratory 
center. The skin becomes cold and pallid, the pupils dilated, the pulse 
fluttering, and a cold sweat may come on. 

As the effects of ether, when used for the production of surgical 
anesthesia, pass off, the patient is often restless, rarely violent, but 
sometimes noisy, and often lachrymose, any pain which is present 
being oftentimes exaggerated, self-control Iwing impaired by the drug. 
Vomiting is by no means unusual. It is nearly always present if ether 
has been given too freely. The vomitus also strongly smells of ether, 
which is probably due to some of this drug l)emg swallowed in tlie 
freely secreted saliva and mucus. Dizziness and vertigo may also be 
present. (See Care of Patient During and After Anesthesia.) 

Recognizing the fact that far too much ether was administered to 
the vast majority of patients. Dr. Allis, of Philadelphia, many years 
ago invented what is known as “Allis’s inhaler” (Figs. 485 and 486), 
which has been used very largely in this country because it provides 
the patient with a large amount of atmospheric air at the same time 
that it permits the anesthetist to administer adequate quantities of 
ether vapor, with the result that the old ether cone, made out of a 
towel and supported with felt or pasteboard in such a way as to make 
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it impervious to air, has almost entirely disappeared from use — ^to such 
an extent that the modem trained nurse does not know how to make 
the ether cone which her predecessor so dexterously prepared twenty 
years ago. 

More recently the so-called drop method of administering ether has 
come into vogue, as surgeons and others have recognized more and 
more clearly the fact that most of the evil sequences to ether anesthesia 
are due to the fact that the patient has received an excessive quantity 
of ether vapor. Whenever this so-called drop method has been used, 
a remarkable diminution in evidences of pulmonary and renal irritation 
and gastric disorder has taken place, so that with the best operators the 
drop method of using ether is now universally employed, with the result 
that the patient is no longer saturated with the drug and no longer 
exhales ether in his breath for several days after the operation. It is 
quite tme that this method may involve the loss of a greater quantity 
of ether than the older closed method, for as the ether is dropped upon 



Fig. 485. Fig. 486. 

Fu». 485 AND 486. — Allis's Etubr Inhaler. (Fowler.) 

Showing fenestrated metallic frame with a muslin roller in course of application, and the inhaler 

complete with cover. 

a folded towel, as is chloroform, a considerable quantity escapes into 
the surrounding air. On the other band, when it is remembered that 
ether vapor is heavier than the atmosphere, it is also recalled that if the 
napkin upon which the ether is dropped is held immediately above the 
face of the reclining patient, the vapor of the ether passes to the nose 
and mouth in an invisible cloud in quite as great a concentration as is 
necessary, and, unless the ether is poured on the napkm very lavishly, 
but a comparatively small quantity is lost. Indeed, it is probable that, 
with the old method, in which the ether was soused upon the cone, a 
greater quantity was wasted than by the more modem plan. When, 
however, it is considered desirable to use some mechanic device for the 
administration of ether, the following inhalers may be resorted to. 

In using Clover’s ether mhaler (Fig. 487) the followmg rules must be 
adhered to. Place the indicator at “1” or " 2 " for the escape of air. 
Then pour in ounces of ether, put the plug in place, and set the indi- 
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cator at zero. The bag is then attached, and the patient directed to 
breathe through the mouth. While he is doing this the inhaler is applied 
to the face, usmg a little more pressure during expiration than during in- 
spiration, in order that the bag may become inflated with the expired air. 



Fio. 487 .— Clovbr’h Ether Inhaler. 


This condition is maintained for about thirty seconds, a period which is 
utilized by the anesthetizer to determine that the bag inflates and 
deflates rapidly. The indicator is now gradually rotated, so that, by 
the expiration of the first minute, 
it points to “ 1, ” after the second 
minute to “2,” and after the 
third, to “3.” The indicator 
should not be moved suddenly, 
but very gradually. Uncon- 
sciousness usually comes oh in 
from one to two minutes, and as 
it develops the ether may be ad- 
mitted more and more freely. 

If the patient holds the breath or 
coughs, it is a sign that the vapor 
is being given in too concentrated 
a .form, and the indicator must 
be adjusted so as to diminish 
it. If the patient strug^es or 
excitement is manifested, the 
indicator should be moved bo 
that the ether will be given in Fta. .ss. — Hawnr’. Wii>s>M>n imuuw. 

more concentrated vapor. If 

the weather is cold or the patient is a powerfully built man or an alcoholic, 
it is usually wise to dip the ether reservoir in warm water for a few 
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moments before it is used, in order to aid in the rapid vaporization 
of the drug. If the breathing becomes stertorous, one or two breaths 
of fresh air may be allowed by lifting the face-piece, and when the 
stertor ceases, it may be again applied closely, but, as a rule, the patient 
does best if a considerable quantity of air is admitted, as by this means 
too deep an anesthesia is avoided. Hewitt advises, for the first four 
or five minutes, one inspiration of fresh air, after from ten to twelve 
breaths, and if the drug is continued for more than a half-hour, that one 
inspiration of fresh air be allowed every four or five breaths. If cyanosis 
becomes marked or respiration labored, still more air is required. 
Hewitt also points out that what might be called the toxemic factor 
is almost as powerful as the ether factor in this system of ether anesthe- 
tization, and this is, as we have already pointed out, the chief objection 
to the use of this method; the patient ought to be slowly anesthetized 
by ether, and not by ether and carbonic oxid. After the anesthesia has 
been continued for fifteen minutes to half an hour, the indicator is 
placed at “2,” or even at “U,” which will provide enough of the drug 



Fia. 489.— Ormbby’b Inhaler. (Fowler.) 

A, Rubber bag ; B, sponge ; C, adjustable cap for reiplating the admission of air \ D, tube 
for conducting air above the sponge ; £, metal face-piece with wire cage for sponge ; F, inflatable 
cushion for face-piece. 

to maintain anesthesia. The more powerful the patient, the less air 
will be needed. On the other hand, if the patient is a child or a feeble 
adult, more air will be required. 

If ether is given by Braine’s modification of the Ormsby inhaler 
(Fig. 489), a sponge with wide meshes and sufficiently large practi- 
cally to fill the cage is placed in this container, and a small quan- 
tity of ether is poured upon it. The air-slot is left open, and then the 
mask applied to the face — ^not too closely, the patient being instructed 
to breathe freely. The air-slot is then gradually closed, and the patient 
now receives practicidly only ether vapor and the expired air which 
has inflated the bag. If more ether is required, about 1 ounce is again 
poured upon the sponge. 

Another method is to place a dry sponge in the cage after pouring 
ether into the bag. The face mask is lightly applied, and the ether 
m the bag is shaken so as to distribute it over its surface. Then, as the 
patient gradually passes under the anesthetic, the bag is tipped until 
the ether runs out and wets the sponge. After this, if more ether is 
required, it may be poured directly on the sponge. 
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THE USE OF OXYGEN WITH CHLOROFORH OR ETHER. 

About fifteen years ago the administration of oxygen gas mixed 
with chloroform or ether vapor, and even with nitrous oxid, became 
exceedingly popular with surgeons, it being claimed that by its use 
many of the disagreeable symptoms produced by the administration of 
any of these anesthetics could be avoided. Cyanosis was thought to 
develop with less frequency, and vomiting, both during and after the 
operation, was said to be diminished in frequency and severity. Long 
experience, however, has resulted in the opinion that the use of oxygen 
with anesthetics is not so valuable as it was once thought to be. Its 
fall from its high estate in the minds of surgeons has probably been due, 
in large part, to its faulty administration. There can be no objection 
to its employment if it is used properly, since it is incapable of doing 
harm and it may do good. To administer the oxygen with the vapor 
of the anesthetic by causing the gas to bubble through the liquid 
anesthetic contained in a wash-bottle is a distinctly faulty method. 
In the first place, there is a possibility of the oxygen gas causing a 
chemic change in the ether or the chloroform, and, in the second place, 
it is impossible, under these circumstances, to increase the oxygen 
without increasing the quantity of the anesthetic, or to increase the 
anesthetic without increasing the quantity of the oxygen. It is a well- 
known fact to physiologists that, if artificial respiration is performed 
with great activity, a condition of apnea develops by reason of the 
fact that the respiratory center no longer sends out impulses. When, 
therefore, the patient breathes almost pure oxygen gas and anesthetic 
vapor, a condition of apnea is soon developed, and, as the adivity of 
the respiratory center diminishes, smaller quantities of the anesthetic 
are inhaled, with the result that the patient passes under the anesthetic 
very slowly, if at all. The more gas is given the less anesthetic is 
taken, because of the shallow respirations; whereas, if the supply of 
gas is cut down and it does not bubble so freely through the anesthetic, 
less of the anesthetic passes to the respiratory passages of the patient, 
and so anesthesia is slowly produced, if at all. The proper method to 
be employed in the use of oxygen with an anesthetic is to keep the gas 
and the vapor separate until the moment of inspiration, carrying the 
nozzle on the end of the rubber tube leading from the oxy^n tank 
under the edge of the inhaler in such a way that the gas is delivered at 
the comer of the mouth or by the nostrils. The anesthetic can then be 
given by any means the surgeon approves, and the anesthetizer has 
complete control of both factors. He can diminish one and incre^ 
the other, as may be requited, giving pure oxygen, oxygen mixed with 
air with no anesthetic, or the anesthetic without oxygen, as he chooses. 

The use of oxygen and one of the anesthetic vapors by means of one 
of the inclosed inhalers, whereby air is largely, if not altogether, excluded, 
is particulwly disadvantageous. As human beings are meant to breathe 
atmospheric air and not oxyg«i alone, it is much better that they should 
have an adequate supply of air than that they should be forced to live 
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on oxygen, although it is conceivable that advantages may accrue by 
the administration of additional oxygen over and above that contained 
in the atmosphere. 

That form of closed inhaler fitted with valves and with a large 
rubber bladder which the patient inflates or deflates in each respiratory 
cycle is to be strongly condemned. It would be hard to devise an 
apparatus open to greater objections. By its use the patient repeatedly 
breathes anesthetic vapf)r and GO], which has been exhaled from his 
lungs, with all the other products of expiration. Into this bag are also 
driven, by coughing and stormy breathing, particles of saliva containing 
septic organisms, which, on being drawn into the chest on inspiration, 
pass nature’s barriers and gain access to the deeper portions of the limgs. 

NITROUS OXID. 

Physiologic Action. — Nitrous oxid produces anesthesia by its direct 
physiologic effects and not by causing asphyxia, although at one time 
its ability to relieve pain was supposed to be due to such an influence. 
It does, however, produce asphyxia when it is taken without being 
mixed wtih oxygen or atmospheric air. When inhaled, the gas is 
dissolved in the blood, but does not form a new chemic compound with 
the hemoglobin, neither is it decomposed in the body. If its adminis* 
tration is continued for a long period of time and no air is allowed to 
reach the patient’s limgs, death takes place partly from its direct 
depressant effect on the respiratory center, but chiefly because of lack 
of oxygen. When inhaled for medicinal purposes, it causes a rise in 
blood-pressure and a slowing of the pulse, which effects are chiefly duo 
to the asphyxia. The heart is not affecdied to any extent by the direct 
action of the drug, but the function of this viscus may be impaired if 
the gas is continued fur a long period of time, because of the lack of 
oxygen. The hemoglobin of the blood is not changed, save that the 
amount of reduced hemoglobin always present in asphyxia is mcreased. 
As the drug does not possess any irritant properties, and as its influence 
upon the lungs and heart is so slight as to be of little importance, it is 
an exceedingly useful anesthetic in many conditions when ether and 
chloroform cannot be emplpyed. If freely given, it causes complete 
muscular relaxation, but in the early stages of its inhalation it often 
produces muscular rigidity. 

Nitrous Oxid Anesthetic ApparatuSt^The use of nitrous 
oxid as a general anesthetic has been much simplified since the gas in 
liquefied form was made a commercial product and sold in steel bottles 
or cylinders, which can be safely transported any distance. The best 
of these cylinders are made of seamless steel, in three standard sizes, 
holding respectively 100, 250, and 450 gallons of nitrous oxid. Th^ 
are equipp^ with a screw valve whose coned end works in a vulcanite 
seat in the neck of the cylinder. The valve is operated by a removable 
wheel-key^ and protected by a screw-cap when not in use (Fig. ^). 

One of the most convenient apparatus for the exhibition of nitrous 
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oxid with these cylinders is the Universal Gas Stand, made by the 
S. S. White Dental Mfg. Co. (Fig. 491). It is simply a substantial 
cast-iron base, mounted on castors, with coned socket for the cylinder 
^d carrying an upright to support the yoke connection, gas-bag, and 
inhaler. It occupies a floor space of 12 x 13 inches, and is made for one 
or two cylinders, of which it will take any of the standard siaes. The 
yokR connection holds the cylinder firmly in its seat and secures a metal 
tube to the opening of the cylinder valve, through which the ^ flows 
to the gas-bag by means of 


rubber hose. The gas-bag 
helps to regulate the pressure 
and to prevent waste of gas. 
It is gas-tight, and holds 
enough gas for the usual ad- 
ministration. 

The inhaler is connected to 
the gas-bag by silk-covered 
rubber hose of ample capacity. 
The inlet for the gas is an 
opening in the main body of 
the inhaler over the stem, to 
which the hose is attached. A 
sliding internal tube, which 
projects at the rear, has a 
similar opening which is nor- 
mally held away from that in 
the main body by a coiled 
spring. Pressure on the cap 
of the tube brings the two 
openings into juxtaposition 
and the gas flows. The sliding 
tube is perforated around its 
circumference, where it pro- 
jects, just inside of the cap. 
These perforations admit air, 
which the patient breathes at 
the beginning of the adminis- 



tration, the gas being then 
admitted by pressing the cap. 
Removing the pressure shuts 


Fxo. 490 .— Nitrous Oxio and Oxyoen apparatus, 
NoN"Abphyxial Method. 


For two cylindsm, one eseh of nitrous oxid sad 
oxyffSD. 


off the gas. 

The face-piece of the inhaler fa made of transparent celluloid, per- 
mitting a dear view of the patient’s lips, with an inflatable rubber hood 
to secure close adaptation to the face. The inhaling and exhaling 
valves are thin mica discs lying loose in open metal cages, so arranged 
that in respiring the former fa opmed and the latter dosed, the reverse 
action occurring in ffiipiration. It fa impossible, with this inhaler, 
for the patient to rebreathe the expired gas, which fa automatically 
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gotten rid of. The entire operation of the inhaling apparatus, in fact, 
is automatic, except the opening of the inlet. 

During the past few years the non-asphyxial method of inducing 
nitrous oxid anesthesia, as proposed by Dr. Frederick Hewitt, has 
been gaining ground. This method consists in supplying a proportion 
of pure oxygen, usually less than 10 per cent., with the nitrous oxid. 
The effect is the elimination of the asphyxial ^mptoms of the anesthesia, 
the patient having much the appearance of one sleeping normally. 
This method requires a little longer time to produce the full anesthetic 
effect, but the impress is also somewhat more lasting. Another advan- 
tage is that the anesthetic state is readily prolonged almost indefinitely. 

A very effective apparatus for this method, in its main features 
much like that just described, but with the necessary modifications, 
is now on the market. The base carries two cylinders, one of nitrous 
oxid, the other of oxygen, and a substantial standard, to the top of 



Fla. 491 .— Inhaleb No. 4 with Celluloid Face-piece. 


which is attached a hollow double yoke supporting the gas-bags at its 
ends, and a mixing chamber at its center. (The bag and the cylinder 
for oxygen are red, those for nitrous oxid, black.) Rising from the 
standard is a metal support for the inhaler and tubing. The apparatus 
has also the necessary keys and valves for controlling the supply of the 
gases. That for the admission of oxygen to the mixing chamber is 
equipped with a gag-plate to govern the percentage of oxygen supplied. 
With this apparatus either gas can be administered separately or both 
together. 

When the gas is to be given, the patient should lie on one side or 
in the dorsal position, and care should be taken that the head is in the 
same axis as the vertebral column and not greatly flexed or greatly 
extended. It is often advisable to place between the teeth a small 
wooden plug to keep the jaws apart, and this is essential if there is 
reason to believe that the nasal passages are obstructed or if the opera- 
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tion is upon the mouth. To this wooden plug should be attached a 
string, so that when the jaw relaxes and the plug is set free, it cannot be 
drawn into the respiratory passaps, or if this accident does occur, it can 
be readily withdrawn by traction on the string. After the mask is 
applied the anesthetizer should observe whether the valves move 
freely with inspiration and expiration. This observation is important 
not only because it shows that the apparatus is in working order, but 
also because it indicates that the face-piece fits well enough to prevent 
inspiration and expiration, taking place at the sides. 

Usually it is best at the beginning to give no oxygen, or a very 
small percentage of it, since if mure than 10 per cent, is used, a con- 
dition of excitation is prone to develop. The supply of l)oth gases is 
regulated by means of the keys, and the skilful administrator con- 
stantly adjusts these keys to the needs of the patient, governing his 
movements by the resistance of the patient to the anesthetic and by a 
general consideration of the type of the cose which is to be anesthetized. 
If any tendency to excitement develops, the oxygen should be cut off 
and the nitrous oxid pushed. In surgical operations which are pro- 
longed over some minutes fresh oxygen should be allowed to escape 
into the bag every few seconds, and the need for the oxygen increases 
with the length of time that the nitrous oxid is given. As a rule, the 
anesthesia develops in about one or two minutes after the face-piece 
has been applied and the gas turned on. 

Although nitrous oxid is the safest of all the anesthetics, it in one 
sense requires more skill in its administration than any of the others, 
because it is essential, on the one hand, that excitement be avoided, 
and, on the other, that too deep an anesthesia be nut produced. In 
feeble patients and in children it often is wise to give oxygen from the 
beginning to the end of the administration of the nitrous oxid, whereas 
in powerful men it is often advisable that no oxygen be given, at least 
for the first few minutes of the anesthesia. Occasionally, if the opera- 
tion is a long one, some fresh air is also allowed to enter by the side of the 
mask. If the breathing becomes obstructed and stertorous, the jaw 
should Im pressed forward, as it is when this symptom develops under 
ether, that oxygen should be freely given. Hewitt states, however, 
that he has administered nitrous oxid for a period of thirty-five minutes 
without allowing even one breath of air. 

As soon as surgical anesthesia is produced by nitrous oxid, the respira- 
tions which, in the early stage, have usually been deep and hurried, 
become remarkably quiet and entirely regular, and this is. particularly 
so if some oxygen is allowed the patient. An advantage in adminis- 
tering oxygen with nitrous oxid is that its use diminish^, or puts aside, 
cyanosis and turgescence of the face and neck, which is an important 
factor when the patient has large adenoids and tonsils, or suffers from 
hypertrophy or hyperemia of the mucous membrane covering the 
turbinated bodies. 

The following signs are indicative of the fact that surgical anesthesia 
has been produced by nitrous oxid; quiet breathing with loss of con- 
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junctivttl reflex, fixation, or slight oscillation of the eyeball and flacoidity 
of the arms. Rarely, however, fixation of the muscular system is 
present instead of relaxation, particularly if the patient be an alcoholic. 

While there can be no doubt that the time required for the production 
of anesthesia when pure nitrous oxid is used is less than it is when some 
oxygen is pven, the delay caused by oxygen is so slight that it need 
not be consider^ in most cases, the delay rarely being greater than 
two or three minutes. 

Nitrous oxid is to be avoided if there is marked atheroma, particu- 
larly if there is also hi^ arterial tension already present, because it 
causes a very sharp and marked rise of arterial pressure, and so may 
cause a cerebral apoplexy. So, too, the presence of a high arterial 
tension with a feeble first sound of the heart indicatmg that this organ 
is weakened or tired should make us careful in its use, lest the increased 
labor thrown on the heart by the rise in blood-pressure cause a cardiac 
breakdown. (See Preparation of the Patient for Surgical Anesthesia.) 
Cardiac dilatation, with or without a valvular lesion, is a contraindication 
to its use, as is also aortic regurgitation. When general muscular 
relaxation is essential, nitrous oxid cannot be relied upon. Conversely, 
there are a number of states in which nitrous oxid gas is distinctly the 
anesthetic to be employed in preference to ether or chloroform. In 
all brief operations it is generally the best anesthetic because it speedily 
produces anesthesia, and usually permits the patient to go his way 
with no after-effects. For the induction of general anesthesia prior 
to the use of ether and chloroform it is very advantageous in many . 
instances (see Combined Anesthesia). 

THE ADMINISTRATION OP ETHYL CHLORID. 

The administration of ethyl chlorid cannot be satisfactorily per- 
formed by means of an open inhaler, such as that of Esmarch, since^ 
even if large quantities of the drug are used, anesthesia develops too 
slowly, and not infrequently a condition of excitement is caused which 
renders the patient difficult to control. In other words, ethyl chlorid 
is one of the anesthetics which is best given by means of a closed inhaler. 
Probably the best form is,. Luke's ethyl chlorid inhaler (Fig. 492) or 
Hewitt’s modification of Clover’s inhaler. This consists of a face- 
piece and bag, the latter being fitted, at the extremity furthest from the 
inhaler, with a small stop-cock, which, in turn, is introduced into a 
glass tube, which is provided with a vulcanite collar. The glass tube, 
which has a capacity of about 10 cc., is then charged with from 2 to 
5 cc. of ethyl chlorid, and attached to the bag, the stop-cock being 
closed. A pair of jaw forceps are mtroduced between the teeth, so 
as to keep the jaws slightly apart. The face-piece is then applied 
closely to the face in such a way that the patient inflates the rubber 
bag with his expired air. At this moment the stop-cock is turned, 
and the ^ass tube is tilted so that its contents enter the bag. Where 
such an apparatus is not at hand. Clover’s ether inhaler may be em- 
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ployed. (See Article on Ether.) In other instances a metal or glass 
funnel may be inverted over the patient’s face, the hands of the an> 
esthetizer being placed on each side to make it as nearly air-tight as 
possible at the edges. Before the funnel is used, a small piece of gauze 
or absorbent cotton is placed in it, and upon this, through the small 
end of the funnel, is sprayed the ethyl chlorid from the tubes in which 
the drug is sold. 

The quantity of ethyl chlorid which is necessary to produce anes- 
thesia depends, to a great extent, upon the characteristics of the patient, 
upon the amount of air which the patient inhales simultaneously, and 
upon the inethod by which the drug is given. If the inhaler with a 
bag is used, usually from 1 to 2 cc. are sufficient to produce anesthesia 


in children, and 3 to 4 cc. will anesthetize 
most adults, but 4 to 5 cc. may be required 
for very strong men and alcoholics. In the 
latter class, however, the drug is not safe. 

When given by this closed method, anesthesia 
is produced in a few seconds, and usually with- 
out any discomfort, but if the vapor is pushed 
too freely in the first few inhalations, some 
holding of the breath may come on, and mus- 
cular rigidity is hot infrequently met with, 
even if the drug is not given too freely. In 
powerful men a stage of excitement may de- 
velop even if the closed inhaler is used. Gen- 
erally, the respirations immediatdy become 
full and more rapid, but remain regular. The 
face becomes flushed, the eyes fixed, the con- 
junctiva becomes insensitive, and the pupils 
dilate. If the respirations become markedly 
stertorous, the administration of the drug 
should be stopped or a little air allowed. 

McCardie states that occasionally muscular 
rigidity may become so marked that the jaws 
become fixed, and opisthotonos may develop. 

The pulse is usually slow and the blood-ptes- 
sure falls. As with amyl nitrite, so with 
ethyl chlorid, the effects of the drug are often 
more marked after it is removed than while 
it is actually being inhaled; an important 

point to be remembered in its administration, ^is phraomenon is 
probably dependent upon the fact that the drug contmues to be absorbed 
from the pulmonary alveoli, even though the inhaler may have been 

removed from the nose and mouth. 

Although there can be no doubt that ethyl chlond is a very wt^ 
factory anesthetic because of its ^reeable characto and of rapidity 
with which it produces anesthesia, there can be also no doubt that it 
as dangerous as cUorofonn, if not more so. Statistics would seem 


S* S"' 


1040 


GENERAL ANIsSTHESIA AND ANESTHETICS. 


prove that its mortality rate is from 1 in 2000 to 1 in 3000. In 5575 
cases reported by Lee, to which ethyl chlorid was given in the Penn- 
sylvania Hospital, there were 5 deaths— a mortality of about 1 in 
1000. 

The use of ethyl chlorid prior to the administration of chloroform 
is thought by those who have used it most to be inadvisable, since the 
rapid transition from a drug which markedly stimulates respiration and 
probably lowers blood-pressure, to another which markedly depresses 
the respiration and the circulation as well, may be dangerous. These 
views are in accord with those of McCardie and of Knight. 

The accidents which have occurred from ethyl chlorid ^ve, many 
of them, developed with startling suddenness. 

The chief indication for the use of ethyl chlorid would seem to be 
for minor operations in children, to whom it is best given by placing a 
piece of lint in the palm of the hand, which is then held in a cup-like 
form over the mouth and nose; the ethyl chlorid is then sprayed on this 
lint, with the result that anesthesia is rapidly produced, and there is 
little danger of too much of the drug being administered. It seems to 
be universally recognized that ethyl chlorid is unsuitable for prolonged 
operations. 

ETHYL BROMID. 

Ethyl bromid, when poured upon the hand, should evaporate 
rapidly, leaving no residue or odor, and produce a marked sensation of 
cold. It should not give a precipitate with silver nitrate, and when 
mixed with concentrated sulphuric acid, no discoloration should ensue. 

Although ethyl bromid has been before the profession as a general 
anesthetic since 1849, when Nunnelen, of Leeds, strongly recommended 
it, it has not been widely employed, and the researches which have been 
miade concerning its physiologic effects are very few. Indeed, the only 
research with which I am familiar concerning its physiologic action 
upon animals is that which was made at my suggestion by Thornton and 
Meixell (Therap. Gaz., September 15, 1892) in the Laboratory of 
Experimental Therapeutics at the Jefferson Medical College. Accord- 
ing to their investigations, the dominant action of the drug is upon 
the respiratory and not upon the circulatory system. Its influence 
upon both of these functions is distinctly depressant, although this 
effect is not marked unless it is given in very large doses. It causes 
a fall of blood-pressure and simultaneously slows the pulse, probably 
through a stimulation of the inhibitory nerves of the heart. In America 
its most enthusiastic supporters have been Levis and E. E. Montgomery. 
It has not been given in a sufficient number of cases to permit of a 
large array of statistics being collected, but the consensus of opinion 
is that it is more dangerous than chloroform. Its advantages are the 
speed with which it produces anesthesia, and the rapidity with which 
its effects pass away when the drug is withdrawn with the. inhaler. 
Not infrequently at or about the moment of onset of surgical anestheida 
under its use a curious condition of muscular fixatbn is developed, 
somewhat resembling that seen at the moment of dissolution, which. 
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to a novice employing it, is exceedingly alarming. This rigidity gives 
place in a few seconds to muscular relaxation. 

To produce satisfactory results the drug must be given in very 
concentrated form in a practically air-tight inhaler, which is placed 
closely against the patient’s face, as much of the atmosphere being 
excluded for the first few respirations as possible. Some of the acci- 
dents which have been credited to it are probably due to the substitu- 
tion of ethylene bromid for ethyl bromid, and possibly to the employ- 
ment of ethyl bromid, which may have undergone cbemic change by 
reason of exposure to light and air. Bromid of ethyl should always be 
kept in hermetically sealetl dark-colored bottles in a dark place, and 
samples which have been freely exposed to the air during the adminis- 
tration of part of them to a patient had better be discarded. The drug 
is unsuitable for prolonged surgical operations. It has given its best 
results in labor, where the rapidity of its effects and the fleeting char- 
acter of its anesthesia at once promptly relieves the patient, and then 
as promptly permits the patient to come back to consciousness. 
Another advantage of ethyl bromid is that it seldom produces disagree- 
able after-effects, and, therefore, a patient who takes it in an office can 
usually go out into the street within a short time without difficulty. 
Because of its failure to produce muscular relaxation, except when 
the anesthesia is profound, it does not lend itself to many surgical 
conditions in which relaxation is a necessary factor. Nausea and 
vomiting rarely follow its use. It sometimes produces a garlic-like 
odor on the breath, which may persist for several days. The quantity 
of ethyl bromid necessary to produce anesthesia varies from 45 minims 
to 3 drams if a tightly clos^ inhaler is employed, and most of this 
should be poured upon the inhaler at once, instead of being added drop 
by drop. The best inhaler for its use is the so-called Hawley inhaler, 
Renders mask, or an Ormsby inhaler. Silk, in 130 cases, found that 
it produced anesthesia on the average in sixty-six seconds, and that the 
anesthesia lasted forty-six seconds, and that when the inhalation 
exceeded two minutes, the after-effects were likely to be troublesome. 
Chisholm, who reported 300 cases to which ethyl bromid was given, also 
found that the time required to produce surgical anesthesia was not 
more than sixty seconds. Cases are on record in which long operations 
lasting more than an hour have been carried on under ethyl bromid, 
but these are curiosities in literature, and the practice is to be con- 
demned. The accidents which have been reported under its use have 
consisted in sudden cardiac failure developing early in its use, and 
respiratory paralysis developing late in its use, and occasionally cyanosis 
and cardiac engorgement. . Among the after-effects which are sometimes 
annoying are hysteric manifestations. 

THE ADMINISTRATION OF ANESTHETICS IN SEQUENCE. 

The fact that ether and chloroform induce unconsciousness with 
comparative slowness has led to the primary use of nitrous oxid gas or 
ethyl chlorid in order that the stage of primary anesthesia might be 
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made exceedmgly brief. This is particularly advantageous when ether 
is employed, since, under these circumstances, the patient does not 
suffer from any of the disagreeable sensations which are produced by 
this drug when first inhaled, time is saved, and struggling is avoided. 
There can be no doubt whatever that the primaiy use of nitrous oxid 
for this purpose is very wise in a large proportion of cases. Its safety, 
the speed with which it produces its effects, and the slight influence 
which the gas exercises upon vital functions permit the ether to be 
given with confidence after anesthesia is developed. 

The employment of ethyl chlorid for this purpose is not to be looked 
upon with favor. Unlike nitrous oxid, it acts powerfully upon respira- 
tion and circulation, and statistics up to the present time show that 
it is more dangerous than chloroform. In addition to these facts it is 
disadvantageous to expose the patient alternately to the effects of 
drugs which act differently but powerfully upon vital centers. In 
cases in which the early effects of ether are dreaded, and the anesthetist 
is tempted to employ ethyl chlorid, it should be remembered that the 
chances of the patient are l)etter with ether alone skilfully given than 
they are with ethyl-chlorid-ether sequence. 

Nitrous oxid-cther-chloroform sequence has equally great dis- 
advantages, since it exposes the patient alternately to tlie high arterial 
pressure of nitrous oxid, to the cardiac stimulation and respiratory 
depression of ether, and to the universal depressant effect of chloroform. 

ANESTHETIC MIXTURES. 

A large number of mixtures composed of various anesthetics have 
been recommended from time to time. They are much more popular 
in England than they are in this country or in Europe. The most 
common of them is the so-called A. C. E. mixture, composed of alcohol, 

I part; chloroform, 2 parts; ether, 3 parts. It was supposed at one 
time that the alcohol increased the stupefying effects of the ether and 
chloroform, and also served to act as a stimulant upon the heart, and 
so antagonized any depression produced by the anesthetics. A better 
knowledge of the influence of alcohol has proved this idea to be falla- 
cious. In order to obtain a mixture in which the three ingredients will 
volatilize with about equal rapidity, the alcohol should have a specific 
gravity of 0.795; the chloroform, 1.497; and the ether, 0.720. The 
advantages claimed for this mixture are that the ether acts as a stimu- 
lant, while the chloroform acts as a depressant. The number of acci- 
dents under the use of this mixture is very considerable, and it is by 
no means as safe as ether, although it is less dangerous than chloroform. 
Billroth’s mixture is another A. G. E. mixture, which consists of one 
part of alcohol, three of chloroform, and one of ether, and is largely 
used in Germany. It is more dangerous than the English A. C. E. 
mixture. A more popular mixture is the so-called C. E. mixture, 
often called also the Vienna mixture, which consists of 1 part of chloro- 
form to 3 of ether. It is commonly given by means of Hewitt’s G. E. 
inhaler. 



BIBLIOGRAPHY OF DELAYED CHLOROFORM POISONING. 1043 


SGOPOLAMIN-raORPHIN ANESTHESIA. 

The scopolamin-morphin method of producing surgical anesthesia 
has ^ been widely employed within recent years. Much conflicting 
testimony has been presented concerning it. It is noteworthy that 
recent reports have been less enthusiastic than the earlier ones, and, 
as its use became more widespread, the numl)er of instances in which 
untoward effects developed have increased. The conclusions which 
were ari'ived at by Whiteacre seem to me to cover the facts as they 
exist to-day, and are as follows: 

J. Scopolamin-morphin narcosis is not devoid of danger. 

2. The use of scopolamin and morphin alone for surgical narcosis 
is not justifiable, and in the experience of the author is not practicable. 

3. A single dose two hours before operation lessens the discomforts 
attendant upon the operative procedure to a high degree, and may 
obtain a definite place in surgical practice. 

4. Four deaths have occurred in a series of 2400 cases, which have 
been so definitely related to the use of this method of narcosis that they 
may be called scopolamin deaths, although there w^is an absence of 
an autopsy demonstration. 

5. These deaths have been i*epoi*ted as occun*ing with a picture 
of alkaloid poisoning, and heart failure has been given as a direct cause 
of death (Landau). 

6. A fatty degeneration of the liver and kidney h:is been produced 
in animals by the use of repeated doses of scopolamin alone, and of 
scopolamin in combination with morphin. 

7. This method of producing or assisting narcosis cannot yet be 
recommended for use in general practice, in spite of the gioat advantage 
it seems to offer (Kochmann). 
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CHAPTER LXXXI. 

LOCAL AND SUBARACHNOID (SPINAL) ANESTHESIA, 

Bt Kabl G. Lennandeb, 

OF UPBALA» SWEDEN.' 

LOCAL ANESTHESIA. 

The preceding chapter has treated the subject of general anesthesia 
(narcosis).^ In this chapter it will be shown that freedom from pain, 
without disturbance of consciousness, may be* produced either by the 
action of an anesthetic upon the terminal branches of the sensory nerves 
in an organ (terminal anesthesia) or by the action of a similar agent 
upon any point of a sensory nerve in its course from the organ, but still 
outside of the spinal cand (regional anesthesia) or within the spinal 
canal, in the subarachnoid space (subarachnoid anesthesia). Thus, for 
example, a greater or smaller part of a foot may be rendered insensible 
by locally injecting into the skin and other tissues of the foot a weak 
cocain solution. This is terminal anesthesia, by benumbing the termi- 
nal nerve branches in loco. The same area of the foot or the entire 
foot may be made insensible by an injection of a stronger cocain solution 
in the leg immediately around or into the larger branches or trunks of 
the posterior tibial, the peroneal, and the long saphenous nerves. By 
such a perineural or endoneural injection the sensory nerve-conduction 
to the brain is cut off at the point at which the injection is made. The 
nerve is at that point, for the time being, physiologically amputated 
or blocked” (Corning, Crile, Matas, and others). An anesthesia thus 
produced is termed regional. But the foot may also be made insensible 
by the injection of a cocain solution into the subarachnoid space around 
the nerves in the cauda equina. The roots of the sciatic nerve, 
together with all the other nerves in the Cauda equina, are thus paral- 
yzed. The cutting off of the sensory conduction occurs in the nerve 
(the roots of the sciatic nerve) within the subarachnoid space. As a rule, 
this produces a sensory paralysis of at least the sacral and the greatest 
part of the lumbar plexuses. This anesthesia can, therefore, not be 
called regional, but, like the regional, it is a conduction anesthesia. In 

* The death of Professor Lennandcr was a great loss to surgery and to his many 
friends. For years he had suffered from valvular heart disease, and could spend 
only six hours of the day out of bed; yet by his energy and assiduity he achieved 
an mtematicmal reputation and contributed greatly to the progress of surgery. 

An attack of apoplexy and his death occurrra soon after he had finished th< 
section on Local Anesthesia and was about to write the remaining section on Spina 
Anesthesia. His assistant, Dr. Fredrik Zachrisson, who was familiar with his views 
kindly consented to complete his chapter. (W. W. K.) 
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condiuHon anesthesia the nerve conduction only is broken, while in general 
anesthesia (narcosis) the central organs in the brain, and in terminal anes- 
thesia the nerve-endings and probaibly also the peripheral end-organs, are 
paralyzed. Terminal anesthesia is, therefore, certainly a paralysis 
of the nerve-conduction in the smallest peripheral nerves, but in addi- 
tion it is probably a paralysis of the end-organs of the sensory nerves. 
This, however, cannot be demonstrated. An injection of an anesthetic 
in the subarachnoid space acts upon the sheathless nerves in much the 
same way afi docs an injection into a peripheral nerve-trunk. 

Local anesthesia has in this treatise a double meaning. The ex- 
pression is used — (1) as in the title, in a wide sense, equivalent to terminal 
and conduction anesthesia, excluding the subarachnoid; (2) in a narrow 
sense, equivalent only to that form of anesthesia which is obtained by 
more or less filling (infiltrating) the tissues of a part of the body with 
an anesthetic. This local anesthesia in a narrow sense consists of a 
combination of a terminal anesthesia and what might be termed a local 
conduction anesthesia. By the infiltration of the operative field both 
the large and small sensory nerves contained therein, as well as their 
terminal branches, are paralyzed. Local anesthesia in a narrow sense 
is an expression use<l to distinguish it from regional conduction anesthesia, 
which, as has already been said, occurs after the injection of an anesthetic 
into or at only one place around a large nerve or nerve-branch. 

LOCAL ANESTHESIA-TERMINAL AND OONDUCHON ANESTHESIA, 
EXCLUDING SUBARACHNOID ANESTHESIA 

An organ endowed with sensation may have all the four commonly 
described modalities thereof, viz., sense of pain, pressure, heat, and ccM; 
another organ has apparently the sense of pain only. 

In order successfully to practice local anesthesia it becomes necessary 
to know the main distribution, especially of the pain-conducting nerves, 
throughout the body. 

Ever smee the year 1900 I have endeavored to make observations 
on sensation in man, both at operations, with local anesthesia, and on 
other occasions when neither anesthesia in any form nor anodynes of 
any kind had been used, as in cases of preternatural anus, articulations 
laid open by trauma, partly exposed kidney, etc. For the internal 
organs, the results at which I have arrived can be expressed in one sen- 
tence, which, after 1 had had the opportunity to examine intestines, 
stomach, gall-bladder, lungs, and other organs, some of them both 
in disease and in health, in IWl I set up before me as a working hypo- 
thesis, viz., all internal organs receiving their nerve-supply only from 
the sympathetic nerve and from the vagus, below the branching off 
of the recurrent nerve, have no sensation. According to my observa- 
tions, therefore, the abdominal and pelvic viscera * are devoid of nerves 
to convey the sense of pain, pressure, heat, or cold. 

These organs have no sensation either in health or in disease. The 
s^us membrane surrounding the abdominal cavity — ^the parietal 
I About the urinary bladder, see p. 1047. 
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peritoneum — is, however, on the contrary, very sensitive to pain. 
The placing, for example, of sterile saline compresses during an ab- 
dominal operation, between the viscera and the parietal peritoneum, 
causes much pain, as does also traction upon the attachments of the 
mesenteries to the abdominal wall. But placing the compresses be- 
tween the viscera, at the same time avoiding the parietal peritoneum, 
occasions no pain. 

The parietal peritoneum derives its pain-conducting nerves from the 
seven lower intercostal, the lumbar, and the sacral nei*ves, and the 
entire diaphragm, except the rim, from the phrenic nerves. The rim is 
supplied by the seven lower intercostal nerves. M. Rainstr5m, pro- 
fessor of anatomy in Ilpsala, was the first clearly to trace the innerva- 
tion of the parietal serosa and subserosa. Tlirough my researches I 
consider it to be an established fac;t that the parietal peritoneum of the 
anterior abdominal wall is not endowed with, nerves or end-organs for 
the perception of pressure (touch), heat, or cold, although this serous 
membrane is very sensitive to pain. So far it has not been possible to 
make such observations on other than the anterior parietal peritoneum. 
The necessity of exerting the slightest amount of traction on the root 
of a mesentery causes great pain, but otherwise, according to my own 
observations, the mesenteries are without sensation. Braun does not 
entirely agree with me on this point. He suggests that cerebrospinal 
nerves from the posterior abdominal wall may occasionally stray into 
the mesentery of the intestines. 

The parietal peritoneum adjacent to the foramen of Winslow and the 
peritoneum at the lower opening of the thorax, along the costal carti- 
lages, appear to me to be areas which are especially sensitive to pain. 
In regard to the urinary bladder my observations are very scant. I 
have found that the bladder serosa examined through an abdominal 
section is insensible. In suprapubic cystotomy, when only the abdom- 
inal wall but not the bladder has been anesthetized, one may cut into, 
grasp with artery-clamps, and stitch the bladder-wall often without 
causing any pain. Great care must, however, be taken not to pull upon 
the attachments of the bladder, particularly when the patient has 
cystitis, which naturally is accompanied by a lymphangitis with in- 
creased sensibility of the surrounding connective tissue. The urethra, 
even the membranous portion, is certainly very sensitive. Regarding 
the prostatic portion I am not prepared to express an opinion. Bot- 
tini’s operation, which we have idways performed without genera 
narcosis, has not seemed to be very painful. 

When the fatty capsule of the kidney has been separated from th< 
fibrous capsule, neither the fibrous capsule nor the kidney parenchymi 
shows any sensation. So soon as the kidney has been brought u] 
into the incision, the inhalation narcosis may, therefore, be instanth 
diminished, provided it be not necessary to stretch upon the hilus. Th 
ureter and the pelvis of the kidney, I believe, are not themselves endows 
with sensory nerves, but they are situated closely behind, and are pa^ 
very intimately connected with, the sensitive posterior parietal peritc 
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neum, and they are also surrounded by tissues richly supplied with 
nerves. Every energetic contraction, every sudden and marked dila- 
tation of the pelvis or the ureter is, therefore, necessarily accompanied 
by sensations of pain. The same is true of the ductus choledochus. 

The sensory conditions of the testicle are very difficult to determine. 
The connective tissue in the hilus and along that part of the epididymis 
not covered by serous membrane has pain-conductmg nerves, probably 
derived partly from the external spermatic (lumbar plexus) and the 
pudendtd (sacral plexus) nerves. Those parts of the testicle and epi- 
didymis which possess a serous covering have, according to my obser- 
vations, no sensation. The parietal portion of the tunica vaginalis 
propria behaves, in regard to sensation, as the parietal peritoneum 
within the abdomen. The spermatic cord has sensation through the 
external spermatic nerve. The vas deferens and the vasa spermatica 
are, according to my observations, accompanied only by sympathetic 
nerves from the abdominal cavity. 

The parietal pleura and the parietal pericardium are very sensitive 
to pain (the intercostal and both phrenic nerves). In resections and 
extirpation of costal cartilages in front of the heart I have found that 
the connective tissue behind the thoracic wall and the pericardium is 
particularly sensitive to pain. The lung has no sensation, and the 
same is, in all probability, true of the heart. Harvey noted that the 
heart is insensible. Traction upon the hilus of these organs is likely 
to be extremely painful, as is also a sudden pull upon the parietal peri- 
cardium. 

After the thyroid gland has been laid bare, an operation upon it is 
painless, provided there is no pulling upon the adjacent connective 
tissue. After having completely bared the trachea for a tracheotomy, 
I was able to cut through its anterior wall and hook up the mucous 
membrane without causing pam. 

As is well known, the brain has no sensation. The same is true of 
the pia arachnoid. It is also true of the dura mater on the convexity of 
the brain down toward the zygomatic arch, where surgical interference, 
but especially pulling on the dura mater, is painful. Beneath the oc- 
cipital bone the dura mater has the sense of pain (Braun), but not be- 
neath the frontal bone (G. Nystrdm). In laying bare the dura mater 
beneath the mastoid portion of the temporal bone I have found that 
this portion of the dura, as well as the transverse sinus, has no sensation. 

■When scraped free of periosteum the cranial bones have no sensa- 
tion, with the exception, naturaUy, of all bones traversed by sensory 
nerves; above all, the inferior and both superior maxillse. ^en the 
periosteum has been completely scraped away from the mastoid portion, 
the antrum and other air-cells may be painlessly opened, because neither 
the bone nor, so.,^r as I have yet been able to ascertain, the mucous 
membrane in thibe spaces has any sensation. It should be noted, 
however, that the mucous membrane in my cases has been badly dam- 
aged or destroyed by suppuration. The mucous membrane of the 
middle ear is extremely sensitive. That of the antrum of. Highmore 
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and the lacrimal canals has sensation. I found the same to be true 
of the mucous membrane of the frontal sinus. 

The entire integument, although in a varying degree, is endowed 
with all the four modalities of sensation, viz., the sense of pain, pres- 
sure, cold, and heat. The superficial connective tissue, the aponeuroses, 
and the muscles possess the sense of pain in a much less degree than the 
integument. Through these tissues the sensory nerves pass from 
the integument toward the great nerve-trunks and the spinal cord. 
In order, therefore, to operate painlessly on these tissues, it will be neces- 
sary either completely to anesthetize the entire operative field by one 
or more perineural or endoneural injections, or at a sufficiently long 
time before the operation to saturate the entire operative field with 
a weaker anesthetic solution, thus absolutely cutting off all transmission 
of pain from these tissues, both through their own terminal nerves and 
also through nerves which may traverse them. In cutting these last 
nerves before they have had time to become paralyzed the patient will 
often say that it feels like an electric shock. The tendons are believed 
to have little or no sensation. I found, however, that the ligamentum 
patellaB, at the tubercle of the tibia, was very sensitive both to the knife 
and to the scissors. The connective tissue around the tendons has sen- 
sation, e. g.y a highly developed sense of pain exists in the periosteum, 
the perichondrium, and in the articular synovial membranes. But 
the bone-substance, the bone-marrow, and the cartilages do not possess 
any of the four modalities of sensation. Provided a part of a bone has 
been scraped clean of periosteum, any operation may be done painlessly 
upon it. If the medullary canal of a long bone has been opened at any 
point, the marrow may be painlessly scraped out for the entire length 
of the bone. If the anterior wall of a sequestrum cavity has been 
opened under local anesthesia, it will then be possible painlessly to 
scrape and clean out the bone posteriorly, even down to the healthy 
periosteum, provided only care be taken not to touch the periosteum. 
Articular surfaces covered with cartilage have no sensation, nor the 
interarticular fibrocartilages of the knee-joint. Arteries and veins, 
when separated from the adjacent connective tissue, have no sensation. 
Tumefactions do not have sensation. Granulations have no sensation. 
In case they spring from a surface which is not sensitive, e. <7., from a 
bone deprived of its periosteum, they may be painlessly scraped, burnt, 
etc., or if they are situated at the edge of a skin-ulcer, they may be care- 
fully cut with scissors or with a razor without producing any pain, but 
to scrape them off or to bum them would cause as much pain as would 
operating on normal skin. 

History of Local Anesthesia and Anesthetics.— Nerve Pressure ; 
Anemia.— That local pressure upon a nerve will produce motor and 
sensory paralysis is a matter of daily experience. In surgery the 
attempt was made long ago to utilize this experience by applying the 
so-called ligatian anesthesia, i, e., a rubber tube or a bandage, around a 
finger or an extremity. It has been believed by many that arresting 
the circulation would be sufficient to produce inMnsibility. This k 
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an error. According to Braun's experiments upon himself, arrest of 
the circulation at the base of a finger produces, aside from paresthesia 
and a feeling of numbness, at most a paralysis of the sense of pressure; 
even after two hours pricking the finger-tip with a needle was rather 
more than ordinarily painful. 

On one occasion Braun obtained almost complete insensibility of 
his own middle finger after ligating the basal phalanx, but the finger 
remamed insensible even for several months after the rubber-tubing had 
been removed. Plainly, a pressure trauma of the nerves remained. 
With Braun, I believe that the old-time surgeons were right in believing 
that insensibility could be obtained only by a pressure which is severe 
enough to injure the nerve. It is well known that the motor nerves 
are more easily injured than the sensory nerves, and that the motor 
conduction is restored more slowly and often less completely than the 
sensory. Ligation anesthesia, therefore, is inadvisable. 

Cold. — A mixture of ice and common salt in a gauze bag was used 
by Amott (1848) to render the skin insensible to incisions, llichet 
(1854) and others used sulphuric ether, allowing it to evaporate upon 
the sidn. Through Richardson’s invention of the ether or rhigolene 
spray (1866) a practically useful method was obtained. Under the 
play of an ether spray the mercury in a thermometer will rapidly drop 
to - 15“ to ^-20“ C. With the evaporation of the ether upon the skin 
this first becomes red, and after a few minutes it gets white and hard 
and completely insensible. It is frozen. If the warm blood-stream 
is prevented from flowing through the tissues, e. 9., if the ether spray 
be applied peripherally to an Esmarch’s bandage, the freezing will 
be quicker, will penetrate deeper and last considerably longer, but 
there is always some danger of gangrene. As soon as a tissue is frozen, 
the terminal branches of the sensory nerves become paralyzed {terminal 
anestheeia). After thawing, sensation immediately returns, and the 
tissue remains for some time hyperesthetic, but the tissue will not suffer 
injury if the freezing has been of short duration. The process of freezing 
is attended with pain, and so also is the thawing, and this pain may last 
a long time. At the present time the ether spray is not often used. 

Ethyl chlorid, or a mixture of ethyl chlorid and methyl chlorid, 
commonly called anestU, is being used mstead. The liquid is contained 
in glass or metal tubes. The heat of the hand is sufficient to cause it 
to escape in a forcible jet through a fine opening as soon as the metal 
screw-cap has been removed. With any of these liquids the freezing 
is done much more quickly than with ether spray. The incision should 
be made immediately after the skin has become frozen. Personally, I 
have never seen any harm to the skin from ethyl chlorid or from anestil, 
but, on the other hand, I -have never attempt^ to produce deep, t. e., 
subcutaneous anesthesia. 

That ether vapors are very inflammable and explosive is well known; 
ethyl chlorid and methyl chlorid do not, however, ignite from an open 
flame or j» thermocautery. 

Braun has tried to produce regional anesthesia upon himself by 
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means of ethyl chlorid on the skin over the ulnar nerve, behind the 
internal condyle, and also on the skin over the radial nerve, above the 
wrist. As soon as the freezing reached the nerve, he experienced an 
intense, characteristic pain within the area of distribution of the nerve. 
Within the area of the radial nerve anesthesia occurred, but only partly 
along the ulnar nerve, because it was necessary to discontinue the freez- 
ing as the pain became too severe. Two minutes after the ethyl chlorid 
had been withdrawn the pain conduction was restored. The skin was 
badly ulcerated in both places. 

Ethyl chlorid or anestil spray is useful to render the skin painless to a 
single incision. This may very well have the length of from 10 to 20 cm. 
If the skin be inflamed, the freezing may be very painful. Personally, 
I use ethyl chlorid or anestil in order to render the skin rapidly perfectly 
insensible in cases when, for local anesthesia, I have injected a novocain- 
adrenalin solution deep into the subcutaneous tissue, but have no time 
to wait for the paralyzing effect of this solution upon the nerve conduc- 
tion from the skin. The freezing is then done quickly and painlessly. 

I likewise use ethyl chlorid in case I need to lengthen the skin incision 
when operating under local anesthesia or light narcosis. Ethyl chlorid 
is excellent to diminish the pain from secondary suturing. 

Isotonic Solutions.— The nerves, as well as all other tissues within 
the body, in order to functionate normally, must be surrounded by and 
permeated with a nutritive fluid, the main constituents of which are 
water, albumin, and salts, which, when present in a certain constant 
ratio, determine the osmotic equivalent of tiie fluid. In order that an 
aqueous solution of a salt may be injected into a tissue without causing 
any injury to it or any reaction from it, it is requisite that the salt be 
indifferent, i. «., in every respect harmless, and also that the solution be 
isotonic with the blood, and that it be injected at body temperature. 
Among indifferent salts may be mentioned chlorid, sulphate, phosphate, 
and carbonate of sodium and other sodium salts. Should the injected 
solution not be isotonic with the nutritive fluid of the tissue, that tissue 
will be more or less injured. A hypotonic solution gives off water to the 
tissue and takes up its salts. The ratio of salts within the tissue is 
consequently altered. The tissue, in our case the nerve, becomes 
swollen and loses its microscopic structure. A hypertonic solution 
takes water away from the tissue, consequently it increases the ratio 
of salt and causes the nerve to shrink. 

All isotonic solutions have the same freezing-point The freezing- 
point of the blood is given at —0.55° to —0.67° C. A solution with 
its freezing-point at about —0.56° C. is consequently isotonic with the 
blood. A solution of sodium chlorid to be physiologic for the tissues 
of man must contain 0.92 per cent, of sodium chlorid; one that is phys- 
iologic for the tissues of the frog, 0.6 i^r cent. If a few drops of a 
0.92 per cent, solution of sodium chlorid at body temperature be in- 
jected into the skin, it turns white and hard and becomes rai^, fom- 
ing a wheal. Its appearance is not attended by pain, and in testing 
its sensation with a pin, this is found to be unaltered. The wheal soon 
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disappears without leaving a trace. The injection of this isotonic solu- 
tion of sodium chlorid, heated to body temperature, has produced no 
irritation of the nerves of pain in the skin (has caused no pain) and 
it has not paralyzed the nerves (has product no anesthesia), and has 
in no way mjured the tissue. If the percentage of salt in the 0.92 
per cent, solution of sodium chlorid be successively dimmished, in- 
jections into the skin of a healthy, normal forearm begin to be painful 
and are followed by anesthesia from a solution of 0.55 per cent, or less. 
The pain and the anesthesia increase pari passu with the dimmution 
in the salt ratio, and are greatest when only pure distilled water is used. 
The injection of pure water is very painful, but the pain soon subsides 
and is followed by a sensory paralysis which lasts for fifteen minutes. 
Solutions which are greatly diluted will cause a lasting injury to the 
tissue. The wheal does not disappear, and a painful infiltration will 
remain for a long time. After an mjection of pure water there occurs, 
not infrequently, even a superficial necrosis. Hypertonic solutions 
absorb, as before stated, water from the tissue, the nutritive fluid of 
which consequently becomes more concentrated. This causes pam and 
anesthesia of the sensory nerves and injury to the tissue. Pain and 
anesthesia occur when the solution contains about 2.5 per cent, sodium 
chlorid. The symptoms increase with an increase in the salt ratio. It is 
scarcely possible to make the injections stronger than 10 per cent., 
because the pain is unbearable. 

Chemical Local Anesthetics. — By local anesthetics are under- 
stood certain chemical compounds, weak solutions of which, when 
brought in contact with sensory nerves, paralyze them without lastingly 
injuring them. This effect is dependent upon the presence, m these 
agents, of certain atom groups which Ehrlich calls anesthesiphorous 
atom groups. It is possible that just these atom groups enter into 
certain chemical combinations with the nerve substance, and that the 
nerve thus remains paralyzed until the newly formed compounds are 
split up and the poison is washed away by the circulating blood. 

Cocain is the original type for a local anesthetic. Einhom dis- 
covered its composition. He has thus made possible its synthetic 
production, and also opened the field for a great number of experi- 
ments of scientific and practical importance, leading to the discovery 
of new local anesthetics obtained by exchanging the non-anesthesi- 
phorous atom groups of the cocain for other groups, different for each 
of the various new agents. Thus eucain, orthoform, anesthesin, and 
others have been obtained. 

The local anesthetics are effective in great dilutions. In order that 
the solutions should have the same freezing-point as the blood, — 0.56° C. 
and thus be physically harmless to the tissue, it is requisite that so- 
dium chlorid in greater or smaller amount be added. Those solutions 
of various local anesthetics which have been made isotonic with the 
blood are afterward tested by injections in the skin-producing wheals. 
In this way there is then to be determined: (1) The smallest percentage 
of an agent which may be required to render the wheal anesthetic; (2) 
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the duration of anesthesia. At the same time it should be noted 
whether the skin becomes hyperemic, if a painful infiltration remains, 
etc. — ^in other words, whether the agent used in isotonic solution be 
injurious or not to the tissue. 

Cocain. — ^This salt occurs in a white, crystalline powder, readily 
soluble in water and in alcohol. It is an alkaloid which affects all 
living protoplasm. It first excites, then paralyses. In greater con- 
centration it paralyses immediately. Its effect is very ephemeral, pro- 
ducing no lasting harm to the affected protoplasm. Its effect is most 
readily understood by assummg that the cocain poisons the protoplasm 
by entering with it into combinations which are easily broken up. 
The products of the decomposition, among which cocain cannot be 
recovered, are slightly or not at all poisonous, and are carried away by 
the circulation. Cocain has the greatest affinity for the central nervous 
system, and next for the sensory and motor nerves. A few drops of 
a 10 to 20 per cent, cocain solution applied to the floor of the fourth 
ventricle cause immediate respiratory paralysis, but the animals may 
be saved by artificial respiration. Should a little cocain enter the cir- 
culation and be carried to the brain in a certain very weak concentra- 
tion, the strength of which is known in the case of, for example, the 
rabbit, but not for man, restlessness, convulsions, and general paralysis 
make their appearance and are followed by death from respiratory 
failure. As soon as signs of respiratory failure appear in a case of 
cocain-poisoning, artificial respiration should be resorted to. This 
affords hope of recovery. 

It is evident that in local anesthesia one must be careful that cocain 
solutions are not injected directly into the blood, neither in veins nor 
in arteries, and that in applications to mucous membranes and in sub- 
cutaneous injections the solutions are sufficiently weak to preclude the 
possibility of the cocain ever reachmg the cerebral cortex or the res- 
piratory center through the general circulation in a dose which, for these, 
the most sensitive organs, might prove toxic. 

A maximum dose of cocain can never be fixed. Although so highly 
poisonous, especially for the central nervous system, it is, however, 
rapidly decomposed by contact with living protoplasm. The occurrence 
of poisoning and death depends, therefore, upon the degree of concen- 
tration of the cocain in the blood at the time it reaches the central 
nervous system. The German and the Swedish pharmacopeias have 
the maximum dose 0.05 gram. Weigand, in his collection of cases of 
poisoning and death from cocain, has recorded no fewer than 40 cases 
where very dangerous symptoms often followed the administration 
of only 0.01 to 0.05 gram, but in solutions of from 5 to 30 per cent, con- 
centration. Czerny had a death from the injection of 7 cc. of a 1 per 
cent, cocain solution m the urethra. 

From this it will be clear that cocain-poisoning can be avoided only 
by a so planned that none but doses absolutely harmless for the 

central nervous system may enter the general circulation. 

How this is accomplished will soon be explained. Cocain has a 
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greater affinity for the sensory than for the motor nerves. The effect of 
cocain in a certain proper concentration upon peripheral mixed nerves 
is to abolish, first, the sense of tickling, then the sense of tempera- 
ture, thereafter the sense of pain, and lastly the sense of touch (pressure), 
and only thereafter the motor faculty, which may remain unaffected 
although all the modalities of sensation have been paralyzed. During 
the retrogression of poisoning, the faculty of motion is the first to return, 
then the sense of pressure, next the sense of pam, and lastly the sense of 
temperature. Modem local anesthesia has been made possible through 
the discovery of cocain. Its birth may be dated back to the year 1884, 
when Koller announced that many operations upon the eye could be 
performed without pain after the instillation into the conjunctival sac 
of a few drops of a 2 per cent, solution of cocain. Cocain was soon in 
use for the anesthetizing of all accessible mucous membranes. The 
great importance of cocain, for example, in laryngology and rhinology, 
lay in the fact that not only does it abolish pain and the reflexes, but 
also that, through its astringent effect upon the smooth muscular 
stmeture of the vessels, it at the same time causes a temporary dis- 
appearance of swellings of the mucosa and submucosa, an effect 
which is of incalculable advantage in diagnosis and surgical technic, 
but which is now, however, even more surely attained by the use of 
adrenalin. 

Injected iiito the tissues cocain became a useful anesthetic in other 
branches of surgery and in dentistry. In the beginning concentrated 
solutions of 2 per cent., 4 per cent., 10 per cent., up to 20 per cent, were 
used. For example, 5 drops of a 4 per cent, solution were injected 
subcutaneously, producing an anesthesia which was found to extend 
to a surrounding area in all directions. By creating such centers or 
depots of cocain one after another in a line it became possible to anes- 
thetize quite a large area. The neurologist, .1. Leonard Corning, of 
New York, was one of the first to realize how dangerous an agent cocain 
was. According to him, it was self-evident that an agent possessing 
an affinity so strong for the peripheral nerves must needs act as a poison 
to the heart and the central nervous system in case it should enter the 
blood in a sufficiently concentrated solution. 

Corning (1885) and Goldscheider (1886) demonstrated on man that 
cocain breaks the conduction through a nerve, a fact previously demon- 
strated by physiologists on animals. Hoisted and Raymond, as early 
as 1885, injected cocain around the lingual nerve and around the inferior 
dental nerve, to make pamless tooth-extraction in the lower jaw. This 
marks the beginning of the perineural method of injection. Hall 
applied this method at the same time to the infra-orbital nerve. 

Coming used weak solutions of cocain, from 2 to ^ per cent. 
A solution of ^ per cent, he considered especially serviceable if the ciiv 
culation could be shut off after the injection. He first made an intra- 
cutanMus injection, followed by a subcutaneous one, and finally an 
injection into the deeper tissues. The injections should be completed 
in from three to five minutes, and should be immediately followed by 
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the application of an Esmarch bandage proximally to the site of injec- 
tion. He did not apply the bandage before making the injection, for 
the reason that he wanted to use the capillary circulation for the dis- 
tribution of the coeain. On the head, in the face, and on the trunk he 
attempted to shut off the peripheral circulation in the skin and subcu- 
taneo^ tissue by metal rings, etc., covered with rubber-tubing and held 
in place with tapes. After the shutting off of the circulation one could 
still promote the spread of the cocain into the surrounding area, to a 
wrtain extent, by massage. With the removal of the bandage the 
insensibility was diminished after a few mmutes, and had soon alto- 
gether disappeared. During the incarceration of the cocain by an 
occluding bandage major operations lasting even two hours were per- 
formed upon the extremities. Matas has rightly emphasized that one 
ought to diminish the pressure of the bandage on the nerve-trunks 
by placing soft pads over the nerves and by applying the bandage in a 
spiral manner. It is often not difficult to obtain complete local anes- 
thesia distally to a circular bandage, but after perhaps three-quarters 
of an hour or one hour the patients begin to complain bitterly of local 
pressure from the bandage and of pain in the areas of the peripheral 
distribution of the nerves. 

Before making the injections Coming was in the habit of applying 
a stasis bandage around the extremities, the neck, etc., in order to fill 
the veins distally to the bandage, thus causing them to stand out promi- 
nently. He then made his injections according to this map in order 
to avoid injecting the cocain directly into the bloocl. The same end 
may be obtained by following the advice of Recus, to inject the cocain 
only during the pushing forward or during the withdrawing of the 
needle. In deep injections of cocain in the vicinity of known vessel- 
trunks one should first introduce the needle attached to an empty 
syringe, and make suction. If no blood appear, cocain may then be 
injected. 

Roberts (also in 1885) injected weak solutions in the skin and in the 
subcutaneous tissues. In the United States Halsted had also very 
early made a warm plea for the use of local anesthesia with cocain. At 
the instigation of WOlffler (1887) a number of observations on cocain 
and on major operations performed under cocain anesthesia were pub- 
lished. Soon, however, so many cases of poisoning and death from 
cocain were reported in all countries that many surgeons regarded cocain 
anesthesia as more dangerous than general narcosis. 

Schleich at that time (1891, 1893, etc.) rendered great service to 
the cause of local anesthesia by demonstrating that solutions of cocain 
of ^ per cent, and still weaker could be successfully employed if the 
tissues are infiltrated with the solution under pressure. 

Conduction AnesOiesia with Cocain.— k procedure which in many 
is of practical importance consists of excluding all nerve- 
conduction from the firid of operation by making an injection all around 
it. Hackenbauch (1897) has described this procedure as an origmal 
method. Figuratively speaking, the operative field may be said to be 
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encased in a “shell” of tissue infiltrated with cocain, resulting in the 
paralysis of every sensory nerve passing through it. 

In speaking of condvdion anesthesia, a “ perineural ” or “endoneural ” 
injection is, however, uppermost in one’s mind. These terms, accord* 
ing to Hraun, were first employed by Matas. The Germans usually 
attribute the pervnevral method to Oberst, who has been employing it 
since 1888 for anesthetizing fingers and toes. Important works on the 
perineural method have since appeared from the hands of Kummer, 
Krogius, Braun, and Hackenbruch. For perineural injections solu- 
tions of cocain of from ^ to 2 per cent, have been employed. 

In endoneural injections the nerve is laid bare under local anesthesia 
with infiltration. ’Then a cocain solution, preferably of 1 per cent., is 
injected into the very trunk of the nerve, a globular swelling appearing at 
the site of injection. The nerve-conduction is broken almost instantly, 
and the anesthesia lasts from twenty-five to thirty minutes (Crile). 

Already in 1887 Crile amputated a leg after a preceding injection 
of cocain into the crural and sciatic nerves. He has later practised 
injections in the brachial plexus above the clavicle, with simultaneous 
temporary forcipressure of the subclavian artery, for disarticulation 
and for amputation of the arm, and in conjunction with brief general 
narcosis, for the disarticulation of the arm with the shoulder girdle. 
Matas, at an early period, employed endoneural injections into the 
largest nerve-trunks for major operations on the extremities. Cushing 
(1902) advised cocainization (“blocking”) of large nerve-trunks before 
cutting them, as they come in sight during an operation under general 
narcosis; this is to prevent shock, which, as Cushmg showed, might 
occur even with general anesthesia when large nerve-trunks are divided. 

Endoneural Injection in Nerves which Have Been Laid Bare During 
the Progress of an Operation wiJth Load Anesthesia. — ^This procedure for 
regional anesthesia was recommended by Cushing in operations for 
inguinal hernia (1900). He taught us in these operations to search 
for and cocainize the iliohypogastric, the ilio-inguinal, and the genito- 
crural nerves. (See p. 1073.) 

Where practicable, one may considerably prolong the anesthesia 
from an endoneural injection by immediately applying proximally an 
Esmarch bandage. 

Nerve Degeneration Following Endoneural Injections, — v. Lier has 
examined microscopically the trunk of the sciatic nerve in rabbits after 
endoneural and perineural injections. Following endoneural injections 
of 1 per cent, cocain in distilled water or 1 per cent, eucain in 0.6 per 
cent, solution of sodium chlorid, a certain number of nerve-fibers were 
always found to have undergone fatty degeneration. Perineural in- 
jections of the same solutions around the nerves showed absolutely no 
degeneration. I have been unable to find any records of sensory or 
motor paralyses following a case of either endoneural or perineural 
injections of cocam or novocain. 

From what has been smd, it will be seen that in pure cocain anes- 
Aesia one should be able to avoid general cocain-poisoning by using 
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regional conduction anesthesia in the widest possible extent, and by 
employing for infiltration weak solutions (for example, Schleich, iV per 
cent, and weaker), enhancing their local effect by compressing the proxi- 
mal veins either manually or with clamps, or by means of a stasis 
bandage. Other means to be employed are elevation at a right angle 
and cooling the entire infiltrated area with an ether spray. All these 
measures arc to be taken before beginning the operation. In operating 
on the extremities it is best to use an ICsmarch bandage during the 
entire operation. 

Reclus, who has collected and published the results of over 7000 
operations with cocain anesthesia, insists that even during the smallest 
operation with cocain anesthesia the patient must be in the recumbent 
position^ and so remain for at least from twenty minutes to three hours 
after the operation. Restlessness, dizziness, and delirium are the first 
symptoms of general cocain-poisoning. 

Cocain-adrenalin Anesthesia. — When ophthalmologists, rhino- 
laryngologists, and dentists in their use of suprarenal extract as a vaso- 
constrictor and hemostatic had discovered that it also to a high degree 
enhances the effect of local anesthetics, especially of cocain, H. Braun, 
in 1902, started a series of experiments with adrenalin which became 
epoch-making in the history of local anesthesia. The active principle 
in suprarenal extract is a very poisonous alkaloid, which was first pro- 
duced in pure crystalline form by Parke, Davis and Co., and by them 
placed on the market under the name of adrenalin. The commercial 
preparation is composed of a solution of hydrochloric acid, made in 
vacuo, containing 1 : 1000 adrenalin. It must be kept in a dark room 
and should be hermetically sealed, as it is readily decomposed, in which 
case it first becomes faintly rose-colored, then more of a brownish-red 
and turbid. In surgery none but absolutely colorless and entirely clear 
solutions must be used. Several other firms are making similar prepara- 
tions. 

Suprarenal juice, suprarenal extract, and adrenalin effect, in in- 
credibly small doses, a transitory rise of the blood-pressure caused by — 
(1) direct increase in the heart's action; (2) contraction of the non-striped 
muscular fibers in the arteries and capillaries . , The effect upon the heart 
and the vessels is purely local, consequently peripheral. Lawen has 
demonstrated that, having accomplished its constricting effect upon 
the vessel, the adrenalin is then destroyed by the living vessel-wall. 
It is significant that the vessels in the various vascular regions are 
differently affected by adrenalin. Thus the vessels of the stomach, 
the intestines, and the bladder are affected to a less degree than are 
those of the integument, and those of the lungs not at all. After the 
injection, ad modum Schleich, into the skin or subcutaneous tissue, 
of adrenalin in a physiologic sodium chlorid solution 1:600,000 or 
1: 300,000 (which means one drop of Parke, Davis and Co.’s adren^in 
1: 1000, added to 20 or 10 cc. respectively of sodium chlorid solution, 
provided that the drops be of a size that 30 such drops are contained 
in 1 cc.), the capillary circulation will soon have ceased. On section, 
VOL. V— 67 
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tho tissue is pale and watery. Nerves and vessels appear very promi- 
nently. There is only a slight bleeding from some of the larger arteries. 
In the venous luiiiina blood is stagnant, or they may be empty. The 
anemia will last for about one hour or longer. It is not necessary to 
infiltrate the operative fiehl itself. It is sufficient to inject into the 
proximity, provided a somewhat more concentrated solution is being 
used, whereby even the larger arteries are made to contract. 

Braun’s investigations now showed that, htf addmg adnmalin in the 
above small doses to isotonic soliUions of sodium chlorid in infiltration 
anesthesia, the local anesthetic effect of cocain became verj/ markedhj 
enhanced and also prolonged. Through its action as a vasoconstrictor 
the cocain to a (fertain, although very slight, extent increases the tissue- 
blanching power of the adrenalin. Adrenalin is equalig imporlant 
for perineural and endoneural conduction anesthesia as for infdiralion 
anesthesia. 

Tho reason why adrenalin so greatly augments and prolongs the 
paralyzing effect of the cocain upon th(5 norve^s and their end-organs 
must be that adrenalin, like freezing, a stasis bandage or an Esmarch 
bandage, temporarily arrests the circulation, and so, for an equally long 
time, “incarcerates the cocain,” to adopt the expression of the pioneer, 
J. Leonard Corning. Braun’s researches have also demonstrated that 
/J-eucain and even, to a far greater extent, tropacocain, lessen the vaso- 
constricting effect of the adrenalin. For this reason adrenalin, in con- 
nection with /3^-eucain, has not at all the same effect as wlum added to 
cocain, and with tropacocain it is almost useless. Even stovain anes- 
thesia is comparatively only slightly enhanced by adrenalin. The 
anesthetizing power of novocain is, on the conlrarg, enormoushj increased 
bg the addition of adrenalin. The conclusion seems to be warranted 
then that a larger dose of cocain may be used if adrenalin bo injected at 
the same time. Experiments on animals are, however, conflicting on 
this point, inasmuch as Sikeniyer has found the general poisoning from 
cocain to be only delayed, but not lessened, by adrenalin. In my 
opinion cocain is so dangerous that it would seem most prudent to con- 
tinue using it in the same small doses and in the same weak solutions 
with adrenalin sis formerly without it. My dosage has been a total 
consumption of from 0.03 to 0.05 gm. of cocain in solutions of 
1 : 100 , 1 : 200 , 1 ; 400 , 1 : 800 , 1 : 1000 , 1 : 10 , 000 . The same is tnie of 
adrenalin as of cocain, viz., intravenous injections are enormously — 
it has been estimated forty times — more dangerous than subcuta- 
neous injections, although also here the concentration of the solution 
is decisive, as I have, during several years, in cases of peritonitis and 
shock, many times injected very slowly into a vein from 8 to 10 
drops of adrenalin (1:1000) in from J to 1 liter of a physio- 
logic solution of sodium chlorid. Braun, in 1902 , by experimenting 
upon himself, fixed the subcutaneous dose at 0.5 mgm.; that is, 0.5 cc. 
of adrenalin solution 1; 1000. When he injected a little more than this 
dose he experienced, after a few minutes, constriction of the chest, 
palpitation of the heart, and increase of the pulse-rate, etc. For local 
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anesthesia injections of a solution of 1 : 1000 are never used. Solutions 
of, at most, 1 : )10,000, or perhaps occasionally 1 : 15,000, are employed 
(which equals 1 or 2 drops of a 1 : 1000 solution in 1 cc. of a solution 
of sodium chlorid), but more often from 1:60,000 to 1: 150,000 for 
(jonduction anesthesia, and only from 1:300,000 to 1:600,000 for 
infiltration anesthesia. 

The poisoning power of adrenalin is diminished with the degree of 
dilution. 1 therefore believe that Braun was perfectly right when he 
announced, in 1907, that one might safely employ 1 cc. or even a little 
moi-e of adrenalin (1: 1000) in the dilutions which are to be considered 
as proper for local anesthesia. 

Aside from its toxicity, one has every reason to be careful in the use 
of adrenalin for fear of aecondarff heniorrhage. In solutions stronger 
than 1: 300,000, 1: 150,000, adrenalin exerts a constricting effect even 
on larger arten-ies, e, g,, the arteries of the fingers. These do not l)cgin 
to bleed until the adrenalin anemia has lessened. If the wound has 
been sutured, a hematoma will form; if it be open and without a firm 
packing, c. g., in the nose, a free secondary hemorrhage will result. After 
an adrenalin anemia the circulation returns gradually to the normal, 
with no intermediary stage of viuscular dilatation, as after an Ksrnarch 
bandage. Every secondary hemorrhage following the use of adrenalin 
is, th(U'efore, due to neglect to ligate or tampon be(!ause there was no 
bleeding at the time of the operation. 

It cannot be gainsaid that more than necessarily concentrated 
solutions of adrenalin may injure the nutrition of the tissues, and 
thereby the healing, although conclusive observations on this point are 
as yet lacking. 

In persons with arteriosclerosis one should be still more careful in 
the use of adrenalin, because it raises the blood-pressure. 

Braun hfis lately tested two preparations: sgntheiic suprarenin and 
arterenin. Both these products are placed on the market in hydro- 
chloric acid solutions, 1 : 1000, which are not more stable than the natural 
adrenalin solutions, and must, therefore, be used only when absolutely 
clear and colorless. Their local action is identical with that of natural 
adrenalin. But Braun has iJso toted a third preparation, called 
homarenon. It is a hydrochlorate, crystalline, very soluble in water, 
stable, and can be boiled. His investigation showed homorenon to be 
fifty times less effective, but also generally fifty times less poisonous, 
than adrenalin. A 5 per cent, watery solution of homorenon corre- 
sponds, therefore, to a 1: 1000 solution of natural adrenalin. Solutions 
of homorenon neither irritate nor injure the tissues. Braun, therefore, 
expresses the opinion that homorenon is the preparation of choice for 
the present. With homorenon in powder or tablet form we would 
be able, by boiling, to prepare our own sterile watery solutions. 

Novocain. — Novocain was discovered by Einhorn. It is soluble in 
water 1:1. The solution is of neutral reaction. In watery solution it 
is precipitated by free and carbonated alkalis. Consequently avoid 
alkaline glass; do not boil syringes and needles in soda solution, but in 
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pure distilled water. The watery solution will stand boiling and is 
stable, even though it be kept exposed to the air. Biberfeld has made 
a pharmacologic study of novocain. Administered subcutaneously, 
it produces weaker toxic effects than any hitherto known local anesthetic. 
It has no peripheral effect on tlie vessels. Injected intravenously it 
causes a fall of the blood-pressure and the respiration becomes slow and 
superficial. The lowering of the blood-pressure is due to its action on 
the vasomotor center. On the heart it seems to exert no mfluence. 

Braun tested the value of novocain os a local anesthetic in 1605, 
and Biberfeld found that it may be .injected in and beneath the skin, 
even in the strength of a 5 per cent, solution, without causing the 
slightest pain and without in the least injumg the tissues. 

Braun found that novocain is a powerful but fleeting local anes- 
thetic, of no praciical lUilUii except in conjunction with adrenalin. In 
a concentration twice that of cocain and combined with adrenalin, 
novocain may take the place of cocain everywhere in terminal and con- 
duction anesthesia. He had not seen any symptoms of poisoning even 
with the use of more than 0.4 to 0.5 gm. of novocain. In 1607 he stated 
that novocain-suprarenin anesthesia in his clinic has entirely displaced 
the cocain-suprarenin anesthesia. 

From my published writings it is apparent that it was with great 
enthusiasm I- at one time adopted Schleich’s method, which I, however, 
.abandoned after I had become acquainted with the cocain-adrenalin 
anedhesia, which, in my experience, has been uniformly successful, 
and to which I remained faithful even after trying /^-eucain, acoin, and 
stovain. Not even the results, which my friend Arthur E. Barker, 
with hie excellent technic, has been able to announce with the use of 
,}-eucain anesthesia, seem to me to surpass those obtained with cocain- 
adrenalin anesthesia. Following Braun’s announcement about novo- 
cain, I employed this agent at Christmas time, 1605, and thenceforth 
novocain-adrenalin anesthesia has also in my clinic completely displaced 
cocain-adrenalin solutions, with the exception of occasional cases of 
anesthesia of mucous membranes by applications upon the surface of 
cocain-adrenalin solutions. With novocain one need not anxiously 
count the milligrams, and the more thorough inflltration of the tissues 
which thus becomes possible will in many instances produce a more 
complete analgesia. We have injected over 0.60 gm. novocain and have 
observed no ill effects therefrom. 

Technic of Local Anesthesia. — Indications. — Local anesthesia 
should be employed whenever it is possible with its aid to operate pain- 
lessly. It is, however, in most cases more inconvenient to the surgeon 
and requires a longer time to operate with local anesthesia than under 
general narcosis. Notwithstanding this it should be resorted to, espe- 
cially when the general condition of the patient, e. g., old age, marked 
anemia, or definite organic disease, renders general narcosis more than 
ordinarily perilous. External conditions also are often of a decisive 
consequence; above all, whether or not the surgeon has the advantage 
of having at his dispoe^ the services of an expert anesthetizer. Because 
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of the unequal distribution of the sense of pain within the tissues and 
organs it is often possible to perform large parts of an operation pain- 
lessly without using either local or general anesthesia. This is particu- 
larly true of operations of the abdomen, but also of certain operations 
on the osseous system, etc. In many cases one may thus, by a com- 
bination of loc^ anesthesia, morphin subcutaneously, and a brief 
ether narcosis, perform the severest operations painlessly, and, as to the 
narcosis, without danger. Here the opportunities for individualizing 
according to the demands of each particular patient are abundant. 
For the healing of wounds after certain operations, e. g., radical opera- 
tions for hernia, it is a great advantage that with local anesthesia the 
patients are able to remain quiet and that, as a rule, they do not vomit. 

Local anesthesia enables the unassisted surgeon successfully to 
practice all kinds of minor surgery, as operations for furuncles, carbuncles, 
whitlow, phlegmonous thecitis, ingrown nails, small tumors, “pre- 
cancerous” ulcers, surgery of accidents, etc. Cancer of the lip and the 
tongue, rodent ulcer, and incipient lupus may be extirpated even before 
the dreaded diagnosis is macroscopically or perhaps microscopically 
certain. Every medical student should Icam to perform the most im- 
portant emergency operations with local anesthesia, viz., difEcult 
catheterization, herniotomy, tracheotomy, thoracotomy, cystotomy, 
extraction of teeth. 

Local anesthesia will cause the surgeon to operate with anatomic 
conservatism and accuracy, and to avoid, as a i*ulc, blunt dissection. It 
makes of him an anatomist, and especially a nerve-anatomist. 

Preparations for the Operation. — When local anesthesia alone 
will suffice, the patient is allowed for breakfast coffee, eggs, and the like. 
If, however, ether narcosis is believed to be needed to help the patient 
over the stages in the operation in which local anesthesia may be in- 
sufficient, he should be fasting. In this event, 0.01 to 0.015 gm. of 
morphin should be given subcutaneously preceding the injections of 
novocain, i. e., at least half an hour before the administration of ether. 
In other cases the same dose of morphin is given only if the patient 
complains of being tired. It is evident that patients not requiring 
general narcosis may be given something good to eat or drink during 
the operation, and it also goes without saying that silence, as well as 
other disciplinary rules of the operating-room, must be scrupulously 
observed, both by assistants and the surgeon. 

Syringes, SduHons, TecAwte.— Recording syringes with metal 
plunger, now in general use, are suitable. For stronger solutions 
syringes holding 1 or 2 cc., for weaker solutions those holding 5 or 10 
cc., are employed. It is well to have an assortment of needles differing 
in length and thickness. For the skin the needles must be very , thin 
and sharp. Intracutaneous injections — wheal formation — may then 
be performed almost painlessly. Every injection in the skin or the 
mucous membrane is started by producing a wheal. Thrusting the 
needle through these successiv^y is thereafter painless. The needle- 
point should have a short bevel, ^most at right angle in many cases. 
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Schleich employed three cocain solutions; (1) 1: 600 ~ 0.2 per cent.; 
(2) 1: 1000 ~ 0.1 per cent.; (3) 1: 10,000 = 0.01 per cent. I formerly 
used to 1 per cent, cocain in physiologic solution of sodium chlorid, 
with adrenalin in the same proportions as for novocain solutions. Like 
Braun, I now employ four novocain solutions: 


No. 1. Novocain 0.25 

Phyaiolo^c saline solution 100 

Adrenalin (1: 1000) or lioinonumn (4 per cent.). 5 drops. 

No. 2. Novocain 0.25 

Physiolc^c saline solution 50.0 

Adrenalin (1: 1000) or hoinorenon (4 per cent.). 5 drops. 

No. 3. Novocain 0.1 

Physiologic saline solution 10.0 

Adrenalin (1: 1000) or honiorenon (4 per cent.). 2 drops. 

No. 4. Novocain 0.1 

Physiologic saline solution 5.0 

Adrenalin (1: 1000) or homorenon (4 per cent.). 5 drops. 


Hitherto I have only hacl opportunity to use Parke, Davis and Co.’s 
adrenalin (1 : 1000). Braun uses for solutions No. 3 and 4 twice as much 
adrenalin as I do, i. e., 5 drops for No. 3 and 10 drops for No. 4. For 
solution No. 1 I often use 1 drop adrenalin to 10 cc. Solution No. 2 
diluted with an equal amount of saline solution gives No. 1, and solution 
No. 4 gives in the same way No. 3. Solution No. 4 (2 per cent, novocain) 
1 have so far only used for injection in the gums and periosteum fur the 
extraction of teeth. Braun says that because of the harmlessness of 
novocain he now, as a rule, uses solutions No. 2 and No. 4. It is plain 
that, for perineural injections, it is in certain cases of great advantage 
that the anesthetizing solution possess a considerable power for pene- 
tration. In case of perineural injection, where it ia difficult to inject 
the solution just closely around the nerve, or where the injection is 
intended for one of the larger nerves with a thick sheath, I shall continue 
to use No. 4. But for endoneural injections I shall employ No. 2 and 
No. 3, the former solution for thinner, the latter solution for thicker 
nerves, until it has been proved by ample experience that a 2 per cent, 
solution of novocain is entirely harmless, even in endoneural injections. 
Only in the case of an endoneural injection for amputation, when the 
nerve is to be severed, would I possibly use solution No. 4. 

On their emergence from the subdural space the nerves, as is well 
known, become invested with a sheath of dura mater. Where the 
nerve-trunks are the thickest, there also the nerve-sheaths are the 
thickest and the most fibrous, growing thinner as the nerves approach 
their terminal distribution. The terminal branches have no sheaths. 
From this it follows that an organ possessing only terminal nerve- 
branches and nerve-endings, t. e., the skin, is the one which is most 
easily rendered insensitive. Next in order comes the periosteum, and 
thereafter perhaps the parietal serosa of the thorax and the abdomen. 
The only tissue which it is possible to infiltrate, i. e., to so fill up with 
the solution that every nerve-cell becomes immersed in it, is the skin. 
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This is accomplished by the production of wheals. .The skin is thus 
rendered immediately insensitive, even with cocain solutions as weak 
as 1: 1000 to 1: 20,000, and with novocain 1: 1000. For infiltration of 
the sldn 1 employ i per cent, novocain. Next after the skin the peri- 
osteum is the tissue which it is easiest to infiltrate. Of major operations, 
it is easiest to produce local anesthesia* (infiltration' anesthesia) for a 
laparotomy in the midline, and then especially in a case of wide dias- 
tasis between the recti muscles. When, with a very fine and sharp needle, 
the required number of wheals has been produced so as to enable 
one pamlessly to thrust the needle through the skin, the injections of 
novocain-adrenalin solution No. 1 are made (always while pushing 
forward or withdrawing the needle), first subserously (do not perforate 
the peritoneum), then in the linea alba, and finally subcutaneously. 
A half-hour after the injection has been finished, perhaps sooner, the 
anesthesia is complete. In every laparotomy the anesthesia should 
be made to extend beyond the length of the intended incision. If the 
subserous connective tissue at the sides of the incision be not thoroughly 
soaked in the solution, one should, with the aid of a controlling finger 
in the peritoneal cavity, inject i or i per cent, novocain-adrenalin 
subserously in all directions around the incision. By so doing it will 
be possible to use retractors and also, even after a prolonged operation, 
to suture the peritoneum without causing any pain. A little practice 
will enable one to produce anesthesia for an incision through the sheath 
of the rectus. Personally, in the majority of my cases of median lapa- 
rotomy, I use the median incision through the sheath of the rectus, as 
described by me. An injection of solution No. 1 is first made in the 
posterior surface of the rectus, then beneath the anterior sheath of the 
rectus, and finally subcutaneously in one or two layers, close to the ap- 
oneurosis and close to the integument, after which one should wait for 
half an hour. Above the semilunar folds of Douglas it often happens 
that one is unsuccessful in entering the subserous connective tissue. 
The rectus having first been pulled outward, a short-beveled needle is 
pushed through the posterior sheath of the rectus, and thus within a 
couple of minutes the subserous connective tissue may be filled with ^ or 
per cent, novocain-adrenalin, making the parietal peritoneum insensi- 
tive. It is not necessary to in^trate the integument. During the time 
of waiting after the injection has been completed the integumentary 
nerves are being paralyzed in their passage through the subcutaneous 
tissue. The nerves being thinnest in and around the midline of the 
thorax and the abdomen, anteriorly as well as posteriorly, anesthesia 
occurs in these situations sooner than in other parts of the body. It 
is, therefore, in these operations unnecessary to wait half an hour. 
In case of imminent danger, then also the skin is immediately infil- 
trated for the entire length of the incision, or, preferably, it is frozen 
with ethyl chlorid and the operation begun at once. 

In all major operations, however, the rule should be observed not to 
he ^ n the operation until half an hour after the last injection. The larger 
> Local anesthesia in a narrow sense; see p. 1046. 
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the nerves which are passing in the fascia between the muscles, and 
the denser their sheaths, the longer will be the time required for the no- 
vocain to penetrate into the nerve-fibers. In my clinic we are, therefore, 
in the habit of removing the patients wrapped in sterile sheets back 
into their beds after the disinfection. Then we proceed with the in- 
jection in all cases where this is practicable, and the patient is allowed 
to remain in bed for half an hour; then he is taken to the operating- 
room. In those cases of infiltration anesthesia when one aims at getting 
the novocain around larger nerve-trunks, e. g., deep into the lumbai* 
regions, we employ solution No. 2 (i per cent.). For perineural in- 
jections solution No. 3 (1 per cent.) or No. 4 (2 per cent.) are employed. 
In these cases, too, it is well to wait for half an hour. 

In many operations it is possible, in the manner described, to fill 
the tissues from the depth to the surface with the solutions No. 1 and 
No. 2. In other cases one will have to do a circular or semicircular 
injection. Proceeding from one or more wheals in the skin, a shell 
of tissue, as it were, around the entire or one half (see below) of 
the operative field, is filled with No. 1 or No. 2. This procedure be- 
comes necessary in malignant tumors or in infectious maladies. In 
either event the injections should be made beyond the area of infected 
lymph-channels. In furuncles, abscesses, etc., one cannot inject within 
the inflamed area, for the additional reason that such injections would 
be painful. 

In planning a local anesthesia one must in every instance have a 
clear conception of the topographic anatomy, and especially of the 
nerve anatomy, of the region, and also how one intends to operate. 
Then one must consider what in that particular case may be gained by 
endoneural or perineural injections, by infiltration of the entire opera- 
tive field, or by a circular injection. One must decide whether the 
circular injection needs to extend around the entire operative field, 

or whether it is sufficient to inject in a straight line, , an angular 

line. A, or in a semicircle, on one or two sides. 

In order more plainly to illustrate the choice of methods, I will 
pass in review the various regions of the body. I presuppose that the 
reader has for his guide a good atlas or anatomy of the nerves. 

The Head. — ^The cranium and its soft parts receive their nerves 
from the three branches of the trigeminus and from the cervical plexus. 

The most important of these nerves are the frontal, the supra- 
orbital, the auriculotemporal, the auricularis magnus, and the occipi- 
t^is minor and major. One should bear in mind the locations of these 
nerves and the points where they penetrate the muscular fascia: and 
become subcutaneous. It should be clearly understood that they 
innervate all the soft parts of the cranium from the periosteum to the 
skin. It is plain that, by injections of solution No. 1 in periosteum, 
muscles, and subcutaneous connective tissue around the head at a level 
with the supra-orbital arch, and by additional injections of No. 3 peri- 
neurally ^und the larger nerves at the points where they emerge 
through the muscular fasciee, all the soft ports within this circumference 
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will be rendered insensitive. The bone has no sensation, neither has 
the dura mater, over the convexity of the brain, but it becomes sensitive, 
especially to traction, on approaching the zygomatic arch. Even 
beneath the mastoid portion the dura mater is, according to my ob- 
servations, insensitive. The remaining portion of the dura may 
have sensation. It receives nerves from all the three branches of the 
trigeminus and from the vagus.' I am inclined to believe it would be 
possible to anesthetize a portion of the dura mater at the base of the 
brain through branches of the trigeminus accompanying the middle 
meningeal artery. One ought, therefore, to try and inject slowly, say, 
solution No. 2, with a blunt needle, between the dura and the bone 
above the zygomatic arch, along one of the branches of said artery. 

For operations on the top of the vertex anesthesia, therefore, can- 
not be produced, except by a circular injection around the entire oper- 
ative field. To operate in the middle of the forehead the injec^tion is 
made in a line above the orbits, and for the middle of the occiput in a 
line at a level with the origin of the trapezius, always aiming to in- 
ject especially around the points where the nerves emerge from their 
deep canals and from under the muscular fascite. To operate in the 
temporal region one will have to make at least a semicircular injection, 
and take special care sufficiently to infiltrate the periosteum. The 
mastoid portion and its cells may be widely opened, and the entire 
mastoid process extirpated, provided that all the periosteum within 
the field of the operation, consequently also that on the posterior 
(internal) sui'face of the mastoid process, be carefully infiltrated, and, 
in addition, solution No. 2 be injected between the auditory canal 
and the bone, raising the periosteum from the mastoid portion. 
The presence of the adrenalin in the solutions renders the operations 
less bloody. 

The Face. — In all plastic operations about the face local or regional 
anesthesia may be employed. Matas hits performed double resection 
of the superior maxilla under cocain anesthesia of the second division 
of the trigeminus. He inserted the needle through the sphenomaxillary 
fossa into the sphenopalatine fossa. By a proper combination of 
morphin subcutaneously with local and regional injections of novocain- 
adrenalin it is possible, under a very superficial ether narcosis, to perform 
painlessly the most extensive operations about the face. 

Extraction of Teeth. — An injection of No. 3 or No. 4 is made 
beneath the mucous membrane and the periosteum on both sides of 
the alveolar process. In the upper jaws one should remember that 
before they enter the bone the posterior dental nerves are found beneath 
the mucous membrane on the posterior surface of the superior maxilla. 
The lower jaw, includmg the teeth and periosteum between the two 
mental foramina, receives branches from the inferior dental nerves 
of both sides. Here the bone may be made perfectly insensible, e. g., 
temporary resection by the injection of No. 3 or No. 4 in the periosteum 

' Poirier et Charpy, Traited’Anatoiniehunuune,T. viii., p. 112, and their figures 
(428, 447, and 448). 
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around the jaw. For painless extraction of the posterior molars in the 
lower jaw it is in many instances sufficient to inject No. 4 beneath 
the mucous membrane and the periosteum. In order that the teeth 
and the bone be surely anesthetized it will be necessary to make a 
perineural injection around the inferior dental nerve as it enters the 
inferior dental foramen. The needle is inserted 1 cm. above the upper 
surface of the third molar, and then, guided by the feeling of the bone, 
is carried to the outer side of the lingula at the aperture of the inferior 
dental canal. Here a generous injection of No. 4 is made. One may 
count upon the solution spreading also to the lingual nerve. In order 
to anesthetize the linguid nerve alone, an injection of solution No. 3 
should be made beneath the mucous membrane of the 6oor of the mouth 
at the inner side of the lower jaw. The glossopharyngeal nerve is to be 
found in the posterior lateral portion of the tongue internally to the 
styloglossus muscle. 

The Neck. — For operations in the median line of the neck, e. g., 
tracheotomy and laryngotomy, it is easy to produce complete anesthesia 
by infiltration. In thyroidectomy, the skin, the subcutaneous tissue, 
and partly the middle layer of the cervical fascia may be rendered in- 
sensitive, but to deliver the gland into the incision or otherwise to 
stretch upon the parts, e. g., in ligating the superior thyroid artery, 
is always attended by pain. The thyroid gland itself has no sensation. 
A majority of thyroidectomies may be performed with local anesthesia. 
It is, however, necessary to select the cases, as some patients will un- 
doubtedly do better under local anesthesia combined with general 
narcosis; others under ether narcosis alone. 

In the majority of operations for cervical lymphomata local anes- 
thesia is very useful. The nerves (auricularis magnus, superficialis 
colli, and the supraclavicular branches) are located at the points where 
they emerge beneath the posterior border of the stemomastoid at about 
its middle. Here one should make generous injections of solution No. 3. 
Should it be apparent at the outset that it will be necessary to sacrifice 
one or two of these nerves, then one might as well begin the operation 
with that. Even after a perineural injection around the cervical 
plexus has been made, one will always have to infiltrate the subcutane- 
ous tissue at the lower jaw and at the mastoid process around the inser- 
tion of the stemomastoid if it should be necessary to turn this muscle 
downward. Superficially situated lymphomata may be operated upon 
absolutely painlessly with perineural and local anesthesia. For deep- 
mated lymphomata the need of ether may be greatly limited, although 
it cannot be entirely dispensed with in other than very patient 
individuals. 

The Upper Extremities. — Here there is scarcely an operation that 
cannot be performed, under regional or local anesthesia. It is to be 
remembered that the bone-substance, the bone-marrow, and the carti- 
lages are not sensitive, but that the periosteum, the perichondrium, 
and the synovial articular membranes are very sensitive. The peri- 
ofteum of the shaft of the humerus receives its nervous supply from 
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the radial and the musculocutaneous nerves, and that of the shaft of 
the radius and the ulna from the median nerve. The elbow-joint, as 
well as the wrist- and carpal joints, receive branches from all three 
great nerves, viz., the median, the ulnar, and the radial. 

For all operations on the skin and the subcutaneous tissue one should 
always first consider where the subcutaneous nerves contained within 
the field of operation penetrate the deep fascia, in order to determine 
whether perineural injections alone may be sufficient or whether they 
should be used in conjunction with loc^ anesthesia (infiltration). For 
major operations about the hand, resections of the wrist-joint, ampu- 
tations, etc., of the forearm, resections of the elbow-joint, perineural 
and endoneural injections may be employed. I have, for example, 
recently performed three painless resections of the elbow-joint after an 
injection of solution No. 3 into each nerve, having first— under local 
anesthesia — laid bare all the nerves at a level with the tendon of the 
latLssimus dorsi. 

To operate upon a severe case of phlegmonous thecitis extending 
up toward the elbow, under local anesthesia, the median, the ulnar, and 
the internal cutaneous nerves are laid bare at the middle of the upper 
arm, and then solution No. 3. is injected into them. With the same 
solution, perineural and local injections are also made laterally to the 
tendon of the biceps, in order to reach the cutaneous branches of the 
musculocutaneous and the radial nerves. 

In my experience it is never painful to thrust the thin, sharp point 
of a needle into a healthy nerve and dowLy inject an anesthetic solution, 
provided the nerve is held slacks so that the injection may be made 
into it without the slightest traction upon its fibers. An injection into 
a nerve that is being stretched is painful. In case a lymphangitis has 
extended to the nerve-sheath, endoneural injections are certainly always 
very painful. If, for example, one should want to disarticulate the 
third finger and amputate its metacarpal bone, a perineural injection 
of No. 3 or No. 4 is made around the ulnar nerve, behind the internal 
condyle of the humerus, and around the cutaneous branches of the 
radial nerve, above the styloid process of the radius, and also an endo- 
neural injection into the median nerve above the wrist, or, in case of a 
lymphangitis extending from the hand into the forearm, in the upper 
arm. The median and the ulnar nerves may also be rendered insensi- 
tive by a pericutaneous perineural injection around them just above 
the wrist. 

For operations about the fingers an injection of solution No. 2 or 3 
should be made around a basal phalanx, taking care to place the most 
of the solution around the four nerves of the fin^rs. In operations 
at a level with the metacarpophalangeal articulations solution No. 3 
should be injected in a transverse band subfascially and subcutaneously 
in the palm and in the dorsum of the hand. 

For an amputation of the upper arm, local anesthesia of the perios- 
teum, the muscles, and their intervening spaces of connective tissue, 
the subcutaneous tissue, and the integument may be produced by solu- 
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tion No. 1. In the course of the operation, as the large nerves are laid 
bare, each should receive an injection of solution No. 3 or 4. Resection 
of the shoulder-joint is best dune under general narcosis or under com- 
bined local and general anesthesia. For disarticulation of the entire 
arm, or of the arm with the shoulder-girdle, it is always best to start 
with laying bare, under local anesthesia, the brachial plexus, and 
to inject No. 3 or 4 into each of its nerve-trunks, making at 
the same time a temporary compression upon the subclavian artery 
(Crile). To disarticulate the arm alone there is then no need of narcosis. 
If, also, the shoulder-girdle is to be extirpated, then at an abundantly 
long time before the operation local anesthesia should be produced 
along the greater extent of the skin incision. During the operation 
a light ether narcosis is produced when the scapular muscles are to be 
divided. The rest of the operation is painless without narcosis. The 
third portion of the subclavian or the axillary vessels and nerves can 
also be operated upon painlessly. 

The Thorax. — One should remember that the sternum, the ribs, 
and the costal cartilages have no sensation after the periosteum and the 
perichondrium have been scraped off and that the parietal pleura and 
pericardium have a very highly developed sensation. The connective 
tissue behind the costal cartilages in front of the pericardium is, ac- 
cording to my observations, very sensitive to pain, which well accords 
with the researches of Ramstrom. He found a continuous chain of 
rich anastomosis between the intercostal nerves in the triangularis 
stemi muscle. Probably all the connective tissue in the mediastinum 
is endowed with the sense of pain (the phrenic and the intercostal 
nerves). The areas of distribution of the intercostal nerves within 
the thoracic wall overlap one another, so that, for example, the area 
supplied by the third nerve, schematically viewed, borders everywhere 
upon that supplied by the fifth nerve, the conjoint area of distribution 
of both of these nerves consequently completely covering that of the 
fourth nerve. One has, therefore, at every point of the thorax to take 
into account an innervation from at least two nerves. Every rib is 
innervated both from the intercostal nerve lying above it and from that 
running along its lower border. 

It is very easy to perform pleurotomy and pericardiotomy pain- 
lessly. To this end it is only necessary to infiltrate with solution 
No. 1 the tissues from the pleura or pericardium out to the integument. 
To resect a rib it is best liberally to infiltrate the periosteum on the 
outer surface of the rib, the muscles, and the subcutaneous tissue with 
No 1 for the entire length of the intended incision. When, in the course 
of the operation, the periosteum has been loosened from the outer sur- 
face of the rib, solution No. 3 should then be injected along the lower 
and upper border of the rib to the full length of the incision, and also 
some distance behind it, i. e., proximally to the incision. One will 
then soon be able painlessly to d^ach the periosteum from the posterior 
surface of-.the rib, etc. 

If two or more ribs are to be resected, it is best to make a perineural 
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injection around three or more intercostal nerves. At the angle of the 
rib the intercostal nerves are close to the lower border of each rib. The 
nerve, the artery, and the vein are enclosed in a sheath derived from 
the internal intercostal muscle between the two ribs in question. The 
internal intercostal muscles begin, as we know, at the angles of the ribs, 
and extend forward to the sternum. In this muscular sheath, lodgeil 
in a groove on the inner surface of the rib, the vein is highest, then the 
ai*tery, while the nerve is at the bottom, lying just on the inner side 
of the lower border. More anteriorly, on the thoracic wall, the ribs 
become gradually altered in shape. The sulci are obliterated and dis- 
appear at the middle of the ribs. Simultaneously, there occurs a 
downward displacement of the vein, artery, and nerve, so that they 
are found from above downward in the order named in the middle 
of the costal interspace, and now running between the internal and 
external intercostal muscles. (Compare Fig. 397 in Poirier’s and 
Charpy’s "Anatomie,” T. i, and Figs. 579 and 580 in T. iii.) To do a 
perineural injection a long needle with a short beveled point is intro- 
duced from behind forward, parallel to a rib, the operator aiming to 
i-each the lower border just in front of the angle. The point of the needle 
is now lowered just enough to pass under the border of the rib to its 
inner surface. Here the injection is made while the needle is being 
pushed forward. It is difficult to reach the nerve with certainty, and 
for this reason solution No. 4 should be used. The twelfth intercostal 
nerve varies so much in its location that it is scarcely possible to reach 
it in this manner. Sellheim has, therefore, developed a method by 
which he has succeeded in anesthetizing this nerve and the upper lumbar 
au^es through percutaneous injections of cocain around the nerves in 
the intervertebral foramina. It is necessary, first, to practice on the 
cadaver with mjections of, for example, India ink. Should these peri- 
neural injections of Sellheim’s prove successful, and should they also 
be found to be harmless, causing no injury to the nerves and being 
followed by no dangerous diffusion of the novocain-adrenalin solution 
into the subarachnoid space, then they ought to become of great im- 
portance and seriously to compete with spinal anesthesia in a class of 
cases in which the results of that anesthesia are very uncertain. Within 
the area of those nerves which were reached by the injections a complete 
anesthesia of very long duration would be produced over the entire one- 
half of the abdomen (for appendicitis, kidney, ureter, gall-bladder, and 
gall-duct operations, etc.). Animal experiments ought to be made in 
order to decide this. 

In doing a plastic operation posteriorly on the thoracic wall it is 
best to make the incision in such a direction as to lay bare, under local 
anesthesia, one intercostal nerve after another, and to inject each 
nerve separately. The previously described percutaneous perineural 
injections at the angles of the ribs do not produce anesthesia of the in- 
tegument and of the muscles of the back from the midline to far beyond 
the costal angles, as those parts are innervated by the posterior divisions 
of the dorsal nerves. These, from which the posterior cutwieous 
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branches are derived, are given off from the dorsal nerves in the inter- 
vertebral spaces. 

When hesitating between local and regional anesthesia about the 
thorax, one has alwa 3 rs to recollect: (1) the origin and distribution of the 
perforating branches; (2) the numerous nerves derived from the brachial 
and cervical plexuses. (See Figs. 539, 540, and 581 in Poirier’s and 
Charpy’s “Anatomie,” T. iii.) 

In 1907 I twice performed laminectomif in spinal tuberculosis 
under local anesthesia. While the patients were in bed I injected solu- 
tion No. 1 from the deeper tissues successively outward toward the 
surface. First, with the needle, 1 followed carefully the posterior sur- 
face of each arch, in order to anesthetize the periosteum of the arches, 
and then injected the muscles and the subcutaneous tissue. After a 
half-hour the patients were removed to the operating-table. The first 
operation was absolutely painless. In this case the arches were widely 
tuberculous, and a cheesy mass filled the spinal canal, pressing upon 
the dura mater. In the second case the arches were healthy and the 
periosteum on the anterior surface of the arches retained its sensation. 
In a similar operation in the future it ought to be easy after laying 
bare the arches to inject solution No. 3 tetween them, thus render- 
ing the anterior periosteum and the remaining connective tissue behind 
the dura insensible. 

The Mamina . — Abscesses may be opened and benign tumors ex- 
tirpated under local anesthesia. In operations for malignant tumors 
of the breast local anesthesia is not suitable. The circumstances might, 
however, be such that one will have to try it— c. g., in a case of serious 
disease of the heart and lungs. 

The Abdominal Wall. — One has to remember, as in the case 
of the thoracic wall, that the cutaneous nerves are derived from 
the posterior, middle, and anterior perforating nerves, and that 
the areas of adjoining sensory nerves overlap each other. When I 
first wrote on the sensibility of the abdominal cavity (1901), works on 
anatomy scarcely contamed any information about the nerves of the 
parietal peritoneum beyond the statement that the phrenic nerve sent 
a branch through the slit between the sternal and the costal portion of 
the diaphragm, and that it supplied the parietal peritoneum with sensory 
nerves as low down as the navel (Luschka). Through my researches 
it became established that the parietal peritoneum is not only very 
sensitive to pain, but also that it is undoubtedly innervated from the 
nearest intercostal, lumbar, and sacral nerves, because in a lateral 
laparotomy, either in the upper' or in the lower part of the abdominal 
wall, when two or more of the large nerves had been cocainized, or when 
all the nerves had been 'severed, the parietal peritoneum m^ially to 
the incision was always found to be insensible, at least that part which 
corresponded to the middle of the incision. Ramstrdm (1904-1906) 
has given a complete account of the innervation of the diaphragm 
and of the subserosa and serosa of the anterior abdominal wall. 
It is necessary to be acquainted with these researches in order sue- 
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cessfully to produce local anesthesia of the abdominal wall, and not 
to expect too much from the subarachnoid anesthesia. Ramstrdm has 
shown that the phrenic nerve alone is the motor nerve for the entire 
diaphragm, and that it gives off sensory branches to its entire pleural 
investment, and also to its entire peritoneal investment, excepting at the 
rim, where both the pleura and the peritoneum receive sensory branches 
from the fifth to the twelfth intercostal nerves. He never succeeded in 
tracing these nerve-filaments farther into the diaphragmatic peritoneum 
than to a point corresponding to the outer third of the distance be- 
tween the thoraco-abdominal wall and the central tendon; and he did 
not find a single filament from the phrenic nerve running over the 
anterior abdominal wall. 

RamstrOm did not ascertain whence the connective tissue, the sub- 
serosa, and the serosa in front of the dorsolumbar portion (the crura) 
of the diaphragm receive their sensory nerves. Until this is known, 
one has a right to presume that the phrenic nerves, os well us the inter- 
costal and lumbar nerves, give off sensory branches to this part of the 
abdominal wall. 

These investigations of Ramstrom on the innervation of the dia- 
phragm lead to the conclusion that in subarachnoid anesthesia we 
should not count upon being able to exert traction upon the liver or 
turn it over, or stretch upon the cardiac orifice of the stomach or the 
esophagus, etc., without causing pain, unless the cutaneous anesthesia 
extends up on the neck at a level with the origin of the phrenic nerve 
in the spinal cord, in which event a respiratory failure is to be feared. 

From Ramstrdni’s descriptions and figures we find that the main 
truliks of the abdominal nerves run in the abdominal wall upon the trans- 
versalis muscle, between it and the internal oblique. Far to each side, 
between the ribs, the lateral perforating nerves are given off, each of 
which is composed of a large muscular branch to the external oblique 
muscle, running mediocaudad in the direction of the muscle-fibers 
and of large cutaneous branches. Upon and within the transversalis 
muscle all the abdominal nerves (the intercostal, iliohypogastric, ilio- 
inguinal) are united by very numerous anastomoses between each two 
adjacent nerves. It is from these anastomoses that the majority of the 
peritoneal nerves are derived. They penetrate into the subserosa, 
either through the transversalis itself or, in a much ^ater number, 
through the aponeurosis of that muscle in the vicinity of the linea 
semilunaris. Hence the peritoneal nerves generally pursue a course 
in a medial or a mediocephal^ direction until they approach the 
vicinity of the linea alba, when they often turn around in a direction 
purely cephalad or purely haudad. The peritoneal nerves are very 
numerous in the anterior abdominal wall. They form a deep-seated 
plexus of coarser filaments in the subserosa adjoining the sheath 
of the rectus and the rectus muscle, and a superficial plexus of 
fine filaments running just beneath the peritoneal epithelium. In 
the epigastrium the peritoneum is innervated from the sixth to the 
eighth, immediately above the navel from the tenth, immediately 
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below the navel from the tenth and eleventh, and farther down from 
the eleventh and twelfth intercostal nerves, while the recti muscles 
above the navel receive no branches from the tenth intercostal nerve. 
All the filaments from this nerve go to the rectus muscle below the navel. 
The filaments from the eleventh and twelfth intercostal nerves to the 
recti muscles, extending down as far as the Bymph 3 rsi 8 , pursue an 
almost purely caudad (vertical) course in these muscles. On seeing the 
•rich nerve plexuses as they appear in Ramstrdm's illustrations in the 
subserosa and the serosa from the linea semilunaris to the linea alba, 
and the numerous nerve-filaments extending over a large part or over 
the whole of this area, one will I’eadily understand why the parietal 
serosa is so sensitive. 

■ To obtain complete loss of sensation of the serosa in the epigastrium 
with subarachnoid anesthesia necessitates a paralysis of the sensory 
nerve-roots in the subarachnoid space, up to a level with the spinous 
process of the third vertebra. 

1 have previously (p. 1063) described the technic of local anesthesia 
for abdominal section in the linea alba and in the medial portion of 
the sheath of the rectus. For abdominal section in the lateral portion 
of the sheath of the rectus solution No. 1 is likewise injected through 
the rectus muscle to its posterior surface, and also beneath the anterior 
lamella in front of the muscle. One should also make an effort to deposit 
a stratum of No. 1 around the lateral border of the rectus. An injection 
is therafter made into the subcutaneous connective tissue, partly im- 
mediately over the anterior sheath of the rectus and partly close to the 
skin. In lateral incision of the sheath of the rectus, as I have described 
it, one should attempt to save the nerves going to the rectus. They 
come into view as soon as the muscle is drawn inward. In case these 
nerves be not deadened, inject a few drops of No. 2 in each nerve as far. 
outward (proximally) as possible, and then separate the nerves upward 
or downward, all according to their course. The parietal peritoneum 
between the nerves will then be rendered insensible. In Derations 
above the semilunar fold of Douglas it will be necessary in most cases 
to make an mjection of No. 1 or of | per cent, novocain-adrenalin be- 
tween the posterior sheath of the rectus and the peritoneum after the 
rectus has been drawn inward. 

In oblique or transverse incisions laterally to the sheath of the rectus 
one should bear in mind that the main nerve-trunks, together with 
richly developed anastomoses, are situated on the external surface of 
the transversalis. One should, therefore, attempt to deposit a liberal 
amount of No. 1 or No. 2 between the transversalis and the internal 
oblique laterally (t. e., proximally) to the intended incision, and upward 
and downward in relation to its lateral (posterior) end. It is consequently 
intended with this injection to reach the abdominal nerves and their 
anastomoses as centrally as possible; in other words, to product a regional 
anmthesia. But as this is rather uncertain, the injection of No. k be- 
tween the transversalis and the internal oblique is continued forward to 
the end of the incision. One should never attempt to deposit the solu- 
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tion within the subsei'osa, because in so doing one might perforate the 
peritoneum and wound the intestines or other viscera. A. E. Barker 
uses for deep injections of the abdominal wall blunt needles with per- 
forations at the sides. Having done the injections between the trans- 
versalis and the internal oblique, one has then to inject No, 1 into 
the external oblique, following the direction of its fibers to the full 
length of the intended incision, and likewise into the subcutaneous 
tissue parallel with the direction of the fibers of the integument, because 
the nerves which supply the external oblique and the skin are given off 
so far toward the back that it is not likely they have been reached 
by the solution injected between the two deep abdominal muscles. 
Then wait for at least one-half hour. In case the injections have suc- 
ceeded well, even the parietal peritoneum will now haVe been made 
insensible. If not, another injection of No. 1 is made after the trans- 
versalis has been divided. If, after opening the abdomen, it is found 
that the serosa is not insensible to a sufficiently large extent around the 
wound, then, as previously described, injections are to be made in the 
subserosa all around the wound, under the control of a finger in the 
abdominal cavity. Every attempt at traction upon attachments of 
mesenteries and adhesions to the abdominal wall being painful, com- 
paratively few abdominal operations may be done under local anesthesia 
alone. I mention among them exploratory laparotomies for cancer of 
the stomach, etc., for ascites. Talma's operation, operation for tubercu- 
lous peritonitis in simple cases, gastrostomies, cholecystostomies, if the 
gall-bladder be easily accessible, enterostomies, typhlostomies, opera- 
tions for fistulas of the stomach and intestines, simple extirpations of 
the appendix, simple cases of volvulus, simple cases of subserous myo- 
mata and of pedunculated ovarian tumors, encapsulated, purulent 
exudates, even subphrenic ones, when easily accessible. In many in- 
stances it is possible to perform important operations painlessly by 
combining local anesthesia with, for example, ether narcosis, as in 
intestinal resections for stenosis or tumors. There is then no need 
of narcosis for the resection and suturing of the intestine, but only 
for the pain incident to examination of the abdominal cavity and 
traction upon the intestine. During the decade of 1890-99 I have 
operated upon a large number of incarcerated and many reducible 
hernias under local anesthesia, and since Cushing, in 1900, published 
his method of local and regional anesthesia in operations for inguinal 
hernia, I have made it a rule to operate upon all varieties of hernia 
under local anesthesia. 

Inguinal Hernia. — ^The region of these hernias is iiinervated from 
the iliohypogastric, ilio-inguinal, and genitocrural nerves. Their posi- 
tion in the abdominal wall is not constant. Often no more than two 
nerves are to be found. In that event the ilio-inguinal nerve has 
joindd a portion of the genitocrural nerve, to form the external sper- 
matic nerve, a name used collectively to designate those cerebrospinal 
nerves which innervate the spermatic cord, together with the cremaster 
muscle and the parietal portion of the tunica vaginalis propria. In 
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these operations a large nerve is found most often outward and 
upward in the incision, between the internal oblique and the ap- 
oneurosis of the external oblique. This nerve becomes subcutaneous 
a little above and to the outer side of the external abdominal ring, and 
sends branches to supply the integument over a great portion of this 
region. This nerve is the iliohypogastric. Lower down in the incision, 
often ^ far down as toward the furrow of Poupart’s ligament, one or 
. two additional nerves are to be found, also resting upon the internal 
oblique muscle — “the external spermatic nerve” (see above). This 
nsrve emerges, together with the spermatic cord, through the external 
abdominal ring. 

We inject No. 1 solution deep into the abdominal wall, outwanl and 
upward, corresponding to the intended skin incision. We there^ter 
inject the same solution between the aponeurosis of the external ob- 
lique and that of the internal oblique, with the intention of deposit- 
ing the solution around the nerves just mentioned. Thereafter we 
make a subcutaneous injection in the extension of the skin incision and 
wait for half an hour. 

One will always find complete loss of sensation of the skin, sub- 
cutaneous tissue, and aponeurosis. In case the cord be also completely 
insensible, there is no need of making an endoneural injection. Other- 
wise from 0.5 to 1 cc. of No. 2 should be injected into every nerve 
in sight. As soon as this has been done, one should immediately pick 
up the neck of the hernial sac. If it be not anesthetized, solution No. 1 
is to be carefully injected in the subserosa above and laterally to it. 
The hernial sac is thereafter opened at the neck, and in case traction 
upon the parietal peritoneum should still cause pain, a liberal injection 
of No. 1 is made in the subserosa of the entire upper and lateral vicinity 
of the neck of the sac, under the guidance of a controlling finger in the 
abdominal cavity. Another place which may not always be found to 
have become anesthetized is the region around the pubic spine, which, 
aside from the above-named nerves, may also be innervated from the 
twelfth intercostal at the attachment of the rectus muscle. The sen- 
sitiveness in this situation should, therefore, now be ascertained, and, 
if necessary, an injection be made into the periosteum above and below 
the bone. The hernial sac is amputated at the neck, the peritoneum 
is drawn sufiSciently forward and sutured under control of the eye. 
Small hernial sacs are extirpated; larger ones are left behind. It is of 
great advantage in these operations to lay bare the nerves. By so 
doing they are seen and respected and none of the larger branches are 
severed. It is of great importanc.e not to destroy the external spermatic 
nerve, as the cremaster muscle would be paralyzed permanently. 

Femoral Hernia.— After a local injection the hernial sac is laid 
bore. Then an injection is made around the neck of the sac, in order 
to anesthetize the adjacent portion of the parietal peritoneum. One 
can also do a regional anesthesia. In that case the skin is first incised 
aboVe Foupart’s ligament under local anesthesia; a smali opening is 
■made in the aponeurosis of the external oblique, and solution No. 2 
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injected into the Uio-inguinal and genitocrural nerves. Then follows 
the incision over the hernia, the laying bare of the hernial sac, and the 
injection around the neck of the sac. 

Umbilical and Ventral Hernias. — The abdominal wall is ren- 
dered insensitive in the manner previously described for abdominal 
section. In case of umbilical hernia and ventral hernia in the median 
line, as soon as the hernial sac is opened, a careful injection of No. 1 is 
made into the subserosa of the abdominal wall around the hernia under 
control of a finger in the abdominal cavity. In other ventral hernias 
one need only anesthetize the subserosa above and at the sides of the 
hernia. 

Suprapubic cystotomy is an operation which, in most cases, 
may be performed painlessly when it is a question of only the 
removal of a stone or pedunculated tumor, or for simple drainage 
of the bladder. Suppose that it is desired to make a transverse 
incision through the skin and a longitudinal one in the iinea 
alba. A sufficient number of wheals having been produced, inject 
some of solution No. 1 or No. 2 into the loose connective tissue 
behind the linea alba, between the peritoneum and the posterior sur- 
face of the symphysis; then make a deep and a superficial injection 
in the linea alba, and so in the subcutaneous tissue; also in two layers, 
viz., close to the aponeurosis and close to the integument. In most 
cases suprapubic cystotomy appears to be a painless operation,, even 
with an anesthesia of the abdominal wall only, as just described; but 
if the bladder be very irritable it may happen that every stitch in 
suturing, or the very grasping of the edges of the bladder incision with 
forceps, or touching the inside of the bladder with a finger will cause 
intense painj which the patient does not refer to the operative field 
above the symphysis, but to the entire urethra, and, above all, to the 
meatus urinarius, to the entire perineum, and to the lower portion of 
the rectum (the pudic nerves). 

If, in the patient’s anamnesb, reference be made to a frequent and 
intense desire to urinate or to pains of the above nature, then the anes- 
thetizing of the interior of the bladder and of the urethra, which I shall 
next describe, 'Should be combined with that of the abdominal wall, 
or perhaps, better still, subarachnoid anesthesia may be employed. 

In order to render the interior of the bladder insensitive, for example, 
to the crushing of a stone or an instillation of nitrate of silver, the 
bladder, according to Braun, should be filled with 150 cc. of a 0.1 per 
cent, cocain solution, to which have been added from 20 to 25 drops of 
a/irAUftlin. Wi thin from fifteen to thirty minutes the bladder has be- 
come anesthetized. In case of a painful, contracted bladder, it is best, 
at least one-half hour before the cocainization, to insert in the rectum 
a suppository of 0.01 or 0.015 gm. morphin, and 0.03 gm. extract of 
belladonna. The solution of 0.1 per cent, cocfun (150 c.c.) with from 
20 to 25 drops of adrenalin is to be kept at body heat in a ^ass irri- 
gator or in a funnel, and should be aUowed to run very, slowly. As 
soon as a bladder contraction occurs, the solution is allowed to. rup. 
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back and the tube is shut off. The tube is alternately opened and 
closed, while one patiently attempts to introduce into the bladder as 
much of the solution as possible, and to keep it there until the con- 
tractions cease, when the purpose — ^the anesthesia of the bladder — 
has been attained. This wU far from always succeed. The operator, 
however, must not yield to the temptation of employing stronger solu- 
tions of eocain. He should bear in mind the numerous cases of poison- 
ing, and even death, following injections of strong solutions of cocain 
into the urethra and the bladder. As I have just remarked, it may 
be perfectly justifiable to resort to subarachnoid anesthesia in order 
to render the bladder insensitive. 

Penis and Urethra. — The penis receives its nervous supply from 
the pudic nerves. The integument, prepuce, and urethra are very 
sensitive. Whether the corpora cavernosa possess any sensibility 
m places where they have been dissected free from the adjacent connec- 
tive tissue I cannot say. It is possible that their tunica albuginea has 
sensation, but their inner part — the cavernous tissue — surely has none. 

Urethra . — In order to anesthetize the urethra, a N^laton catheter 
is introduced into the bladder, and thereafter withdrawn to a point 
where the urine ceases to pass through it. Then from 5 to 7 cc. of 
solution No. 4 are injected very slowly, the catheter is removed, and 
the meatus kept closed for from ten to fifteen minutes. In cases of so- 
called impermeable strictures, a liberal amount of solution No. 4 with 
two drops of adrenalin to every cubic centimeter should be injected. 
When the meatus has been kept closed for fifteen minutes, it will be 
possible, as a rule, to pass a director through the stricture. In case 
a fine catheter can be passed, the posterior portion of the urethra is 
then anesthetized in the same manner. The dilatation of *the stricture 
may now be accomplished almost painlessly. According to Reclus, 
even internal ureOirotomy may be painlessly performed. This I have 
not tried, but an extemed ureOirotomy may re^ily be done under local 
anesthesia. The urethra is first render^ insensitive in the manner 
already described. Then solution No. 2 is injected into the tissues 
between the rectum on one side, and the bulbous, the membranous, 
and the lowermost part of the prostatic portions of the urethra on 
the other. This is done under the control of a finger in the rectum. 
Then the same solution is injected beneath and at the sides of the 
corpus spongiosum, t. e., in the bulbocavemosus muscle, to the extent 
of the intended incision. Thereafter an injection is made in the sub- 
cutaneous tissue. In suitable cases one may, naturally, just as wdl do 
a resection of the stricture, with suturing of the urethra, as a simple 
incision of the stricture. 

Upon the penduloue portion all operations may be performed pain- 
lessly by doing a perineural injection of solution No. 2 or 3 around each 
dorsal nerve of the penis, at a point where the nerves emerge through 
the suspensory ligament, and a cireular injection in the tunica albuginea 
of the corpora cavernosa, and also in the subcutaneous tissue at the 
root of. the penis, to paralyze such sensory nerves which either are 
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derived from the scrotal nerves or which are given off from the dorsal 
nerves more proximally. 

In operations for ‘phimosis and paraphimosis a perineural injection, 
in the manner described, is made around each of the dorsal nerves, fol- 
lowed by an injection of No. 2 transversely in the tunica albuginea of 
the corpus spongiosum, to the extent of from 1.5 to 2 cm., and in the 
subcutaneous tissue and in the skin, one centimeter behind the frenum. 

For meaiotomy, either the above-mentioned transverse injection is 
made behind the frenum, or solution No. 3 is injected directly into the 
lower urethral wall. 

Scrotum and Testes.— The scrotum is believed to be innervated 
partly from the lumbar plexus (the “external spermatic” nerve) and 
partly from the sacral plexus. It is, however, plain that either the 
statement as to the innervation of the scrotum from the lumbar plexus 
(Thane, in Quain’s “Anatomy”) is incorrect, or else its innervation 
varies. There are authentic cases (Kocher, Cushing) in which the 
scrotum has been innervated from the sacral plexus alone. Schwalbe, 
Rauber, Bardeleben, and I, from my own experience with local anes- 
thesia of the scrotum, confirm this view about the sensibility of the 
testes. According to my investigations, those portions of the testicle 
and epididymis which are invested with serous membrane have no sen- 
sation; the parietal portion of the tunica vaginalis propria is endowed 
with sensation, and so also is the spermatic cord. 

The entire scrotum, together with its contents, is easily anesthetized. 
First an injection of No. 2 or 3 is made into and closely around each 
spermatic cord. Then injections of No. 1 are made around the base of 
the scrotum, in the subcutaneous tissue and in the connective tissue 
on the symphysis and the muscles of the perineum, beginning the injec- 
tions below the penis, then at the sides of the penis, proceeding there- 
after upward to the inner side of the external abdominal ring, thence 
downward to the genitocrural fold, and then across the scrotum at the 
border of the perineum. One should also inject in the septum and in 
the connective tissue on to the. hilus of the testes and on to the epi- 
didymis on both sides where they are not invested with serous mem- 
brane. The injection is to be continued around the base of the 
scrotum on the opposite side. In case one wishes to operate on one 
side of the scrotum only, this side alone should, naturally, be anes- 
thetized. It is possible to do castration, extirpation of the entire or 
parts of the epididymis, to excise pieces of the testicle for examination, 
to do the various operations for hydrocele and varicocele absolutely 
painlessly and without any of the disturbing cremasteric reflexes. 

Anus and Rectum. — ^The integument around the anus is very sen- 
sitive, but the rectal mucous membrane is void of sensation. The anal 
integument receives sensory nerve-branches from the pudio nerves, 
which also innervate the sphincter ani and both ischiorectal fosstt. 
There is no doubt that regional anesthesia may be successfully done 
in these foss», around the anal orifice, and in the depth of the perineum, 
in the entire penis, and in the medial portion of the integument of the 
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perineum and of the scrotum by injecting solution No. 4 around the 
pudic nerves where they enter each of the ischiorectal fosss immediately 
above the socrosciatic ligament. A few centimeters behind the anus 
the integument and subcutaneous tissue receive branches from the 
coccyged nerves. 

Local Aneathema of the Ama . — With a fine needle four wheals are 
made in the skin — in front, behind, and one on either side of the anus. 
Through these wheals solution No. 1 is injected into the sphincter ani 
and in the connective tissue immediately above and around the sphincter 
muscle, in the subcutaneous tissue, and in the skin around the anus. 
With a finger in the rectum it is easy to control the direction and the 
position of the needle. The anesthesia may be extended forward or 
backward, according to indications. The injections may thus be made 
in the posterior raph4, and above this, around the coccyx, etc., and also 
in the anterior raph4 and in either of the ischiorectal fossae toward its 
outer side, in which case solution No. 2 should be used for both deep 
injections along the levator ani muscle and for superficial ones beneath 
the skin. 

With these methods it will be possible to do a painless incision of the 
posterior raph^, to extend the incision backward and upward with ex- 
tirpation of the coccyx, also painlessly or nearly so. Operations for 
fissuie of anils, for hemorrhoids, for anal fistulas, if not too complicated, 
for abscesses of the ischiorectal fossm, may be done painlessly. Also ex- 
tirpations of the rectum (for ulcer, for cancer) may be done if, after the 
incision has been made between the rectum and the coccyx, the connec- 
tive tissue be anesthetized higher up, behind, and at the sides of the 
rectum, under control of a finger in the rectum, an operation 1 have 
satisfactorily performed. 

The Lower Extremities. — One should remember that here, os in 
the upper extremities, the bone-substance, the bone-marrow, and the 
cartilages have no sensation, but that the periosteum and the articular 
synovial membranes possess a sensitiveness to pain approaching in 
acuteness that of the integument. 

Considering first operations of the skin and the atibcutaneoua tiaaue, 
it is apparent, from the course of the nerves and from their location 
where they become subcutaneous, that regional anesthesia may be 
quite extensively employed as follows: 

(1) For the antero-extemal surface of the upper third of the thigh, 
by doing a perineural injection around the external cutaneous nerve, 
and, in addition, injecting No. 2 transversely below Poupart’s ligament 
and above the greater trochanter, partly into the fascia lata, and partly 
just beneath the skin. (2) For the anterior surface of the lower two- 
thirds, by mjecting in the same manner solution No. 2 transversely in 
the subcutaneous tissue at the junction of the upper and middle third 
of the thigh. (3) For the entire anterior surface of the leg and of the 
foot, excepting the toes, by making a perineural injection around the 
peroned n«rve, behind the held of the fibula, and around the long 
saphenous nerve, at the inner side of the knee, just where it becomes 
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subcutaneous, and connecting these points by injections transversely 
in the subcutaneous tissue. On the posterior surface, scarcely more 
than the subcutaneous tissue and the integument of the lower half 
of the leg are suited for a similar regional anesthesia by subcutaneous 
transverse injections at the middle of the calf. In other places one will 
have to do either a local injection at the site of the intended incision 
or else a circular injection around the entire operative field. It is 
plain that, even within those areas where a regional anesthesia is possible, 
a local injection or an injection encircling the operative field in selected 
cases may be much the simpler procedure. 

Skin-grafting, according to the methods of Thiersch and Krause, 
all operations for varicose veins and ulcerations, etc., may be done under 
regional or local anesthesia, and after an infiltration of the periosteum, 
of the tibia or fibula, or if regional anesthesia has been done, one will 
be able also to chisel and curet these l>ones. 

All operations upon the toes for ingrown nails, disarticulation of 
phalanges, etc., may be done painlessly by injecting No. 2 or 3 around 
the basal phalanx of a toe, so as to paralyze the four nerves. Disaiv 
ticulation of an entire toe or amputation of a metatarsal bone may be 
done painlessly by injecting around the metatarsal bone, i. e., first, 
behind its articulation with the tarsus, and, second, into Ix>th the ad- 
joining interosseous spaces. I have just described perineural injections 
around the external cutaneous, the long saphenous, and the peroneal 
nerves. It is possible, although rather more difiicult, to anesthetize 
also the posterior tibial nerve where it runs on the outer side of the pos- 
terior tibial vessels, between the flexor longus hallucis and the flexor 
longus digitorum, behind the ankle-joint. Using solution No. 3 or 4 
the point of the needle is inserted on the inner (medial) side of the tendo 
Achillis. The anterior tibial nerve on the dorsum of the foot may be 
anesthetized by injecting either of the above-named solutions above the 
malleoli, between the anterior tibial and the extensor hallucis proprius 
muscles. In order to anesthetize the entire foot it is necessary — (1) 
to make these perineural injections with solution No. 3 or 4 around the 
posterior tibial and the anterior tibial nerves, and (2) to make an in- 
jection with No. 2 in the subcutaneous tissue around the leg, above the 
malleoli, into the muscular fascia, in order to cut off the conduction 
from the long saphenous nerve; (3) to inject beneath the fascia at the 
side of the tendo Achfllis, because at times a part of the sural nerve 
may not become subcutaneous until at a point low down on the leg. 
When making plans for complicated anesthesias of this kind, one should 
not forget, in t^dition to illustrations on the course of the nerves, also 
to consult the illustrations of the cross-sections by Braun. 

Simpler than the above-mentioned procedure for anesthesia of. the 
entire foot is to anesthetize the foot and the greater part of the leg hy a 
perineural injection around the saphenous nerve at the inner side of the 
knee, and by laying bare, under local anesthraia, the sciatic nerve at a 
distance above the popliteal space, between the biceps and the semi- 
tendinosus muscles, injecting into it solution No. 3. 
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Crile has performed amputations of the leg after endoneural injections 
into the crural nerve below Puupart’s ligament, and into the sciatic 
nerve at the gluteal fold. In 1^7 I did two such operations. Both 
the aged patients did very well. A less painful operation or a more 
satisfactory recovery is inconceivable, but these operations require time 
and must be painstakingly performed. 

This anesthesia of the crural and the sciatic nerves (Crile) cannot be 
employed for resections of the knee-joint or for amputations of the thigh, 
because the entire group of adductor muscles, the integument on the 
inner side of the knee, and the periosteum of the diaphysis, and some- 
times part of the posterior cai>sule of the knee, are supplied with sensory 
filaments from the obturator nerve. 

As in amputations of the upper arm, so one can also perform am- 
putations of the thigh and the leg after local injection of No. 1 from the 
depth (periosteum) to the surface (subcutaneous tissue). One should 
operate very carefully in the vicinity of all the larger nerves, which 
should be laid bare and injected with a few drops of No. 3 or 4 before 
they are divided. After local infiltration, one may painlessly perform 
arthrotomies in the ankle or knee, remove loose cartilages, suture the 
patella after fracture, suture the ligamentum patellic and the aponeurosis 
above or at the side of the patella, etc. 

I have done a few disarticulations of the hip-joint for advanced sarcoma 
of the femur in the following manner: Under local anesthesia and a 
very light general narcosis 1 first laid bare and temporarily clamped 
the common iliac artery with a Doyen intestinal clamp, covered with 
rubber tubing. Then I extirpated from above downward the connective 
tissue, together with the lymphatic glands along the iliac vessels. Next 
1 injected cocain into the crural nerve and other branches of the lumbar 
plexus. Then followed ligation of the iliac vessels and disarticulation 
of the femur, and so the laying bare of the sciatic nerve and injection into 
it of cocain, etc. If the operation is done in this manner, the hemorrhage 
is slight and the shock nil. 

The major operations on the lower extremities — resections, amputations, 
disarticulations,- chiselings of the femur, etc. — are already now done, 
and will henceforth more often be done, under subarachnoid anes- 
thesia. It is a much speedier procedure. But no surgeon ought to 
practise subarachnoid , anesthesia who is not previously perfectly 
familiar with local and regional anesthesia. If he be not, he will of 
necessity make a wrong use of the subarachnoid method. He will 
also resort to its use in cases where he would have attained the pur- 
pose — ^painless operation — ^by a simple and an enUrdy non-perUous 
local anesthesia. 
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[VENOUS ANESTHESIA* 

The Berlin Klin. Wochen,, 1909, No. 11, publishes 
an important lecture by Bier, of Berlin, on what he named 
a year ago “ Venous Anesthesia,” He pves the technic 
fully. Briefly, it is as follows: The solution used is one- 
half of 1 per cent. (0.5) of novocain in normal salt solu- 
tion. The limb is made as nearly bloodless as possible by 
an Esmarch rubber bandage carried as high as necessary. 

Then a thinner rubber bandage is applied to keep the 
limb bloodless (Fig. 493, a-b). Below the lower limit of 
the operative field a second similar bandage is applied 
(Fig. 493, c-d). The anesthesia in the area between the 
two bandages he calls “direct,” that beyond the lower 
bandage “indirect.” A vein is then laid bare between 
the two bandages nearer to the proximal bandage than to 
fluid is used. For the arm the basilic vdn and for the leg 
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are most frequently used. The vein is opened a little below the proximal band 
and the canula is inserted fiol in the central, but in the perij^eral direction. 
From 20 to 60 ccm. of the novocain solution are then injected into the vein 
toward the hand or foot. ** Direct'' anesthesia follows between the two 
bandages in five or six minutes or less. “Indirect" anesthesia follows beyond 
the peripheral bandage in from six to ten or twenty minutes later, when the 
peripheral band can be removed and any operation be done painlessly anywhere 
below the proximal bandage, e. g,, amputation, resection, etc. There is usually 
some motor paralysis in the anesthetic area. Almost immediately after removal 
of the proximal bandage this motor paralysis disappears and sensibility is 
ret^ablished in from two and one-lialf to seven minutes. He reports 134 opera- 
tions by this method, of which 115 were entirely successful, 14 were “satisfactory,” 
and 5 were unsatisfactory. — W. W. K.] 


SUBARACHNOID (SPINAL) ANESTHESIA. 

By Fredrik Zachrisson, 

DOCENT IN RDBOEBT AT THE VNIVEHBITT or UrSALA, BWBDEN. 


By subarachnoid anesthesia, also often called spinal or lumbar 
anesthesia, is understood a method of rendering parts of the organism 
insensible by the injection of local anesthetics into the subarachnoid 
space of the spmal canal. 

HISTORY. 

In 1885 ‘ J. Leonard Corning, the pioneer in local anesthesia, had 
already conceived the idea of producing a direct effect upon the spinal 
cord by the injection of cocain and other therapeutic agents in its vicin- 
ity. The cocain was to be injected between the spinous processes, 
hence to be carried to the cord by way of the veins which run to the 
venous plexuses in the spinal canal. He relates two experiments, one 
upon a dog and the other upon a patient with “spinal irritation.” 

Concerning these experiments. Corning expressed himself thus; 
“Whether the method will ever find an application as a substitute for 
etherization m genito-urinary or other branches of surgery, further ex- 
periments alone can show.” In a later article (1888 ’') Coming reports 
4 cases of pain from disease of the spinal cord in which, with good 
results, he gave spinal injections of cocain. He does not here express 
himself on the surgical bearing of the method. 

In the chapter on “The Irrigation of the Cauda Equina with Medical 
Fluids,” in his monograph entitled “Pain in its Neuropathological, 
Diagnostic, Medicolegid, and Neurotherapeutic Relations,” Philadelphia 
(18W), he advises that the cocam be injected directly into the lumbar 
sac by puncturing it between the first and second lumW vertebrae. He 
report^ two cases of disease of the spinid cord, in which he made direct 
cocainization of the cauda equina. It is remarkable that these papers 
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of Coming evoked only slight attention. Although subarachnoid anes- 
thesia had thus, in fact for the first time, been done by Corning, its 
significance was evidently not understood. It is another example of 
a great discovery the full significance of which was realized neither by 
the^ discoverer nor by his contemporaries. The lumbar puncture of 
Quincke (1891) was of great importance for further progress. Lumbar 
puncture having been established as a diagnostic and therapeutic 
method, the further step toward subarachnoid anesthesia was easier. 

To Bier belongs undoubtedly the credit of having purposely pro- 
duced anesthesia by the injection of local anesthetics directly onto the 
spinal cord, and also of having elaborated proper methods for its ac- 
complishment. 

Without being acquainted with the papers of Corning, Bier describes, 
in his “Versuche fiber Kocainisierung des Rfickenmarkes” (Deutsch. 
Zeitschr. f. Chir., 1899), eight anesthesias which he had practised on 
himself, his assistant, and six patients. Lumbar puncture having 
first been made in the usual way, from 0.005 to 0.015 gm. cocain was 
injected, and in all the cases analgesia was produced in the legs, and 
after the larger doses up to the level of the navel. On the six patients 
major operations could be done painlessly or nearly so. But also the 
disadvantages of the method appeared promptly, as in most of the 
cases there occurred a severe and prolonged headache, which persisted 
for days. In his article Bier urges great care in the use of the method. 
In Germany the method was not very well received at first, but in 
France and America a number of enthusiasts eagerly investigated the 
method. Deaths were soon reported to have occurred as a result of 
the method. This caused some entirely to abandon it, while others 
endeavored to diminish the danger by improving the method, and at 
the German Surgical Congress in 1905, Bier called attention to improve- 
ments which had resulted in markedly lessening the dangers attending 
its use and the frequency of injurious sequelae. These favorable re- 
sults were obtained chiefly, first, by the employment of the less poison- 
ous stovaifif discovered by Fourneau in 1904; second, by the addition 
of one of the suprarenal preparations to {he main local anesthetic, and, 
third, by an improved technic. Bier expressed the opinion that sub- 
arachnoid anesthesia, though not yet perfected, could, however, be 
recommended for clinical use. 

Recently, besides stovain, atypifif novocairif and twpacacain have 
been introduced, and much has b^n done toward perfecting the technic* 

ANATOMIC AND PHYSIOLOGIC REMARKS. 

The spinal cord in the adult extends only to a level with the upper 
border of the second lumbar vertebra, when it becomes continuous 
with the filum terminale (see Fig. 494), which, as a bundle of connective 
tissue, extends to the termination of the dural sac at the second or third 
sacral vertebra. In a child the cord ends opposite the body of the third 
lumbar vertebra. 
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The arachnoid sac into which the injections are made is a more or 
less wide lymph-space, surrounding the brain and the spinal cord. 
Through the foramen of Magendie and the foramina lateralia the entire 
subarachnoid space and its contained cerebrospinal fluid are in com- 
munication with the ventricles of the brain,' Poisons dissolved in the 
cerebrospinal fluid, therefore, through these foramina, may gain access 
to the inner lymph-spaces of the brain, and thus be brought in contact 
with vital nerve-centers, especially in the floor of the fourth ventricle. 
The arachnoid does not closely invest the spinal cord (see Figs. 494 and 
495), a wide space being left between it and the pia. This space is, 
however, incompletely divided into an anterior and a posterior com- 
partment by the ligamentum dentic- 
ulatum (Fig. 495, g). In the pos- 
terior compartment are the sensory 
roots (Fig., 495, /), in the anterior, the 
motor roots (Fig. 495, h). This liga- 
ment forms practically a partition 
between the two compartments, for 
according to experiments made by 
Ddnitz,* colored solutions (India ink) 
injected into the posterior compart- 
ment do not penetrate into the an- 
terior. The posterior compartment is 
in the cervicodorsal portion of the spinal 
cord, subdivided in two halves by the 
posterior longitudinal ligament (Fig. 
495, c). From the termination of the 
spinal cord at the second lumbar ver- 
tebra down to the end of the dural sac 
at the third sacral vertebra the sub- 
arachnoid sac is an undivided space (see 
Fig. 494) in which the nerve-roots run 
to their respective points of exit as a 
bunch of nerve-fibers, the cauda equina, 
which nearly fills the entire space. * At 
the lower end of the spinal cord (conus 
meduUaris), and a little below it, the 
nerve-roots are arrmiged in a right and 
a left bundle, with an intervening open 
space of from 2 to 5 mm. in width on a level with the second lumbar 
vertebra (see Fig. 497). Lower down the nerve-roots are more evenly 
spread out, filling the whole space, but leaving free room for the cerebro- 
spinal fluid to filter through. In the cauda equina the motor roots are 
situated in the anterior portion, and the sensory roots in the posterior. 

The arachnoid is only separated by a very small interspace from the 
dura._ .Upon the outer surfaces of the dura, in the epidural space, 
especially at the sides, are rich venous plexuses and loose adipose 
tissue. It is also to be noted that the interspinous ligaments inter* 


Dura mater 

"Conus terminalis 

•* Arach. vise. 

'•■Subdural space 
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Fig. 494. — Lonoitudinai. and Tba«(»- 
VEBSB Sections, showing the 
Arachnoid at the Termination 
or the Spinal Cord. Pia Mater 
]^D. (After Poirier.) 
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posed between the spinous processes may offer a decided resistance to 
the insertion of the needle in the midline. The distance from the skin 
to the subarachnoid space is in the lumbar regioui generally from 4 to 



Fiq. 495. — Transvebbe Section of tub Coro in the Upper Dorbai4 Region. (After Key 

and Retiiue.) 

6 cm., but in men with well-developed muscles it may reach a depth 
of from 7 to 8 cm., and in fat persons even to 10 cm.* 

As to the size of the spaces between the arches of the lumbar ver- 
tebra?, the third and fourth are, as a rule, larger than the first and the 



a b c 


Fio. 496.— THANavnunB Sbctionb of the Spinal Canal. lAccoiding to K«y and Ratlins.) - 
a. At the level of the ninth dorsal vertebra; 5, at the level of the eleventh donal vertebra; 
c, at the level of the second lumbar tertebca. 

second, whUe the fifth is narrower from above downward, but wider 
from side to side. The width of the interspaces is from IS to 20 mm., 
and the height from 10 to 15 mm. In abnormal cases the spinous proo> 
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esses of the lumbar vertebre may, however, cover each other in a tile- 
like manner, rendering the introduction of the needle impossible. 
Strong flexion of the lumbar spine increases the height of the inter- 
space. 

The cerebrospinal fluid is nearly as clear as water, very poor in 
albumin, with a specific gravity of 1.003-1.004.* The quantity, ac- 
cording to Key and Retains,^ is normally from 50 to 150 ec, The 
pressure in the lumbar region is, in the recumbent posture, equal to 
horn 60 to 100 mm. of water. 



Changes in posture affect to a high degree the posi- 
tion of the cerebrospinal fiuid. Kronig and Gauss* 
believe that, in the sitting posture, the cerebrospinal 
fluid is practically at a level with the upper dorsal 
region of the cord, and in the recumbent posture, with 
the hips elevated, the fluid gravitates away from the 
lumbar region, so that not a drop can then be withdrawn 
by puncture. With a horizontal inclination of even 



Fig. 497.— Oavda Fig. 498.— The Lumbar Column op the Vertebhjg, Viewed from the 

Equina op an Side and from Behind. (After Quincke.) 

Adult. (4 life 
Mxe.) (After 
Quincke.) 


30 degrees the pressure of the cerebrospinal fluid in the lumbar region is 
at zero. If a coloring substance in solution be injected in the lumbar 
region, followed by a high Trendelenburg posture, the coloring-matter 
will appear at the base of the brain. The importance of this relative 
mobility of the cerebrospinal fluid is very plain if one considers that the 
local anesthetic used in thq injection is diffused through the entire volume 
of the fluid, and is carried with it to the spinal cord and the bram. It is 
particularly important that the poison shall not reach the vital centers 
in a too strong concentration. In order to prevent such a diffuse poison- 
ing of the entire cerebrospinal fluid, and to be able to tell precisely 
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which point is being exposed to the effect of the anesthetic, Barker^ 
employs for injection only those solutions which are heavier than the 
cerebrospinal fluid. If, moreover, by the addition of a suitable substance 
a different viscosity be given to the solution to be injected, this will with 
difliculty mix with the cerebrospinal fluid, and just as a heavy mass of 
oil easily changes place in a tube filled with a lighter fluid and always 
stays at the most dependent point, so, by changing the posture of the 
patient, one will always be able to calculate at which particular point 
the local anesthetic is being deposited, and, above all, by the very pos- 
ture to prevent the poison from reaching the cervical region of the cord 
en masse. 


ANESTHEHCS* 

Cocain was the anesthetic first used in subarachnoid anesthesia, but 
from the start it proved so dangerous, and the anesthesia was attended 
by so many serious complications, that the search for other agents was 
soon begun. Leaving out of consideration those agents which have been 
tried, but have been found to be unsatisfactory or too dangerous, we will 
now occupy ourselves only with those which are at present in use. 

Tropacocain was discovered in 1891 by Giesel, and was first physio- 
logically tested by Chadburnc, of Boston. It is readily soluble in water, 
making a neutral, non-irritating solution. The solution will stand 
sterilization by boiling. It is one-third as poisonous as cocain,^** and acts 
as a vasodilator. The anesthesia occurs sooner than with cocain, and 
lasts longer. It should not be used together with suprarenal prepara- 
tions, as it counteracts their effect. In large doses, 0.12 gm., it may 
cause paralysis of the sphincters and stimulate intestinal peristalsis. 

It is advised as the least dangerous agent by Bier, Braun, and 
many others. Complications arising during the anesthesia and the 
after-effects are said to be less troublesome than with any other anes- 
thetic. Collapses and deaths are, however, mentioned. Because of its 
being less poisonous and comparatively free from complicating effects, 
it may be said that, at present, tropacocain is the anesthetic most fr^ 
quently employed in subarachnoid anesthesia. The regular, dose is 
from 0.03 to 0.05 and 0.06 gm., but may be increased to 0.12 gm. 

Employed in a 5 per cent, solution, stovain was synthetically pro- 
duced first by Foumeau (1904), and was used in subarachnoid anesthesia 
first by Chaput, and became for some time the anesthetic most in vogue. 
It is readily soluble in water, of a feebly acid reaction, and possesses 
noteworthy antiseptic properties. The solution may be sterilized^ by 
boiling. It is less poisonous than cocain, but the effect is more fleeting. 
It is somewhat irritating to the tissues, and in a 10 per cent, solution it 
may even produce gangrene. Contrary to cocain, it acts as a va^dilator, 
cerebral anemia being consequently less to be feared from its use in 
subarachnoid anesthesia. Stovain has, however, a more marked effect 
upon the motor nerves than has cocain. With stovain anesthma the 
muscles in the anesthetic area become rapidly paralyzed. This is of 
advantage in operations upon the abdomen and the perineum, as the 
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wounds may be readily stretched. The strong effect of the stovain 
upon the motor nerves, however, may involve considerable danger, 
as in anesthesias extending higher up the respiratory muscles may 
easily become paralyzed, as well as injury done to the respiratory center 
in the medulla oblongata. It occasionally paralyzes the sphincter ani 
and contracts the intestines. This latter effect is of advantage in pelvic 
laparotomies in the Trendelenburg posture. Albuminuria after sub- 
arachnoid anesthesia with stovain is mentioned by Schwarz^ as occurring 
in a large percentage of cases. Muller, * however, has only occasionally 
found a small, rapidly disappearing amount of albumin in the urine. 

The regular dose is from 0.05 to 0.06, at most 0.07 gm. The solution 
from Billon, in Paris, comes in vials of 1 cc., containing 4 per cent, 
stovain, 0.11 per cent. NaCl, and 0.01 per cent, epirenm borate. 

Novocain was produced ^nthetically in 1905 by Einhom and 
Uhlfelder,* and was employed in subarachnoid anesthesia by Braun 
and others. It is readily soluble in water (1: 1), making a neutral solu- 
tion. It may be heated to 120° G. without decomposition. It should 
not be heated for too long a time, together with the suprarenal prepara- 
tions, because the latter will then decompose. It is considerably (seven 
times) less poisonous than cocam, affects very slightly the general con- 
dition of the patient, has no deleterious effect upon the heart’s action, 
and in ordinary doses it does not lower the blood-pressure. Novocain 
is not irritating to the tissues, even if used in substance or in concentrated 
solution directly on wounds. Used alone, the anesthetic effect is quite 
fleeting, but together with suprarenal preparations the effect is prolonged 
and the intensity of the anesthesia becomes equal to that of cocain. 
Novocain possesses an affinity for the motor nerves in a considerably 
less degree than stovain. With a novocain subarachnoid anesthesia 
the legs are only slightly paretic, and the danger of respiratory paralysis 
is not so great. Pareses of the abducens have been reported after 
novocain. The complications are said to be less manifest than with 
stovain. Deaths are, however, reported. The regular dose is from 0.05 
to 0.1 gm., but may be increased to 0.15 gm. It is employed in a 5 
per cent, isotonic solution. It comes in ampullae containing distilled 
water, 3 cc., novocain, 0.15 gm., and suprarenin borate, 0.000,325 gm., 
or in tablets each containing novocain 0.05 gm., suprarenin borate, 
0.000,108 gm. Three tablets dissolved in 3 cc. of water make a 5 
per cent, isotonic solution. Of this, 2 cc. are employed for operations 
upon the genitals and the perineum, from 2 to 2.5 cc. for operations on 
the legs up to the groin, and from 2.5 to 3 cc. for laparotomies. 

In subarachnoid anesthesia, besides using the least dangerous anes- 
thetic, it is also of considerable importance to employ the anesthetic 
m such a form as will do the least a.mount of injury to the tissues. In 
order not to lessen nor to increase the amount of liquid within the tissues 
the solution employed, in obedience to a general rule, should be isotonic 
with the tissues. The relation of the various agents in regard to this 
particular question is apparent from a table by Barker giving the specific 
gravity and the freezing-point of the respective substances: 
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Spbcific FraBiiNO- 

Obavxtt. point. 


Novocain (5 per cent, solution) 1.0090 0.555 

Tropacocain (5 per cent, solution) 1.0106 0.545 

Stovain (5 per cent, solution) 1.0064 0.585 

Blood-serum 0.56 

Cerebrospinal fluid 1.007 


Guinard^** and Kozlowsky‘^ have solved the problem in the easiest 
manner by dissolving a weighed quantity of the anesthetic or of the 
tablets in the cerebrospinal fluid obtained when making the lumbar 
puncture. This method is very practical, but the objection may be 
raised that the possibility of chemical changes occurring in tablets which 
have been kept for a long time cannot be entirely excluded. 

Tuffier, Bier, and a majority of surgeons employ the method of mix- 
ing in the syringe a certain quantity of the isotonic solution, for example, 
a 6 per cent, tropacocain solution with the cerebrospinal fluid in the 
syringe used for subarachnoid anesthesia. Barker'® insists that the 
injected solution be heavier than the cerebrospinal fluid and of a some- 
what different viscosity. Thus the injected solution will with difficulty 
mix with the cerebrospinal fluid, and by placing the patient in different 
postures, the anesthetic may be made to gravitate toward the most 
dei)ondent point in the subarachnoid space, and thus become deposited 
at the place which is best suited for the intended operation. The solu- 
tion, being heavier than the cerebrospinal fluid, can be prevented from 
reaching the cervical portion of the cord by always observing that the 
head and upper part of the back are higher than the lumbar and sa- 
cral portions. The solution employed by Barker contains 10 per cent, 
stovain, 6 per cent, grape-sugar, and 55 per cent, distilled water. The 
specific gravity of the mixture is 1.030, while that of the cerebrospinal 
fluid is 1.007. With this solution Barker has had especially good results. 
It should naturally not be mixed with the cerebrospinal fluid before 
injecting it. The alleged unreliability of the method is explained by 
Barker as due to the fact that the solutions employed are often lighter 
than the cerebrospinal fluid, which is especially the case with the stovain 
solution used by Bier, viz., stovain, 4 per cent., NaCl, 0.11 per cent., 
epirenin borate, 0.001 per cent., having a. specific gravity of 0.0058. 

Whether or not a suprarenal preparation should be added to the 
solution is a question which is being differently answered. We know 
that Bier, in 1905, referred to the addition of suprarenal preparations 
as a marked advance, inasmuch as they increased and prolonged the 
effect of the anesthetic. Recently, however, there is a reaction against 
the suprarenal preparations. That in local anesthesia the suprarenal 
preparations are of great consequence, inasmuch as they counteract the 
rapid absorption of the injected substance and thus give it a chance 
to act more powerfully upon the infiltrated area, is plain enough. In 
local anesthesia, then, the importance of the suprarenal preparations is 
being fplly realized in case the anesthetic used does not oppose the effect 
of the suprarenal preparation (for example, tropMOcain). Inauh- 
araehnoid anesthesia the conditions are, however, quite different. Here 
vou V— 60 
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the various anesthetics are being deposited in a large lymph-space, and 
to “incarcerate” the anesthetizing agent within a certain area is out of 
the question. Our experience with suggillations in the skin, and even 
ecchymoses occurring after a local anesthesia, when adrenalin has b^n 
added, compels us to an attitude of doubt regarding the advisability 
of employing the suprarenal preparations in subarachnoid anesthesia. 
That corresponding changes in the pia mater may not be without con- 
sequence is clear as daylight, and may possibly explain the serious 
sequelae which have occasionally been observed after subarachnoid 
anesthesia. I have also often observed that after local anesthesia, 
and especially when suprarenal preparations have been used, the patients 
have suffered severe pain in the operative field. When such objective 
and subjective changes are observed with a subcutaneous infiltration 
anesthesia, they are likely to occur in a still larger measure with sub- 
arachnoid anesthesia. Furthermore, the presence of suprarenal prepa- 
rations complicates the sterilization, and the solutions do not keep for 
a long time after mixing, as the suprarenal preparations become decom- 
posed. It is well known that solutions of cocain-adrenalin and of 
novocain-adrenalin, after being kept, and still more after being heated, 
assume a pink-brown color, suggesting decomposition. Such solutions 
should never be used, as they are especially prone to cause bad after- 
effects. In using some of the anesthetics, the suprarenal preparations 
are contraindicated for the reason that their effect is destroyed by the 
anesthetic, e. g., tropacocain, and to some extent also stovain. 

Conclusions. — 1. Among the anesthetics which so far have been 
employed, tropacocain is the least dangerous, and should be used in 5 per 
cent, solution with a dose of from 0.03 to 0.04 gm. for the perineum and 
the external genitals, 0.05 gm. for the legs up to Poupart’s ligament, 
and 0.07 gm. for the abdomen. 2. The solution should be isotonic with 
the blood-serum, and heavier than the cerebrospinal fiuid. 3 Supra- 
renal preparations should be avoided. 

COURSE AND DURATION. 

In some cases the anesthesia comes on at once and rises rapidly to 
its full extent, so that there is no time for observing the course. Gener- 
ally, however, it proceeds more slowly. After about a minute there is a 
lessened sensibility to pain in the perineum, and the external genital 
organs and the mner side of the thighs. The patellar reflex disappears. 
Soon thereafter the ankle-clonus disappears, and the posterior surface 
of the thighs and legs, the soles of the feet, and the anterior surface of 
the 1^ and the thighs up to Poupart’s ligament become insensitive 
to pain in the order named. Gr aduidly the anesthesia extends up to the 
umbilical region, and at times perhaps still higher (horizontal posture). 
It is seen, therefore, that the anesthesb proceeds by segments, beginning 
with the fourth or fifth sacral segment, and extending up to the first 
lumbar segment. The anesthesia is dissociated, so that the sense of 
pam disappears first, and that of posture and touch later. It is con- 
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sequently wrong to test the occurrence of anesthesia by, for example, 
pricking the patient with a pin and asking if he feels it. The sense of 
touch is still intact, but the patient has no sensation of pain. In order 
to know whether anesthesia has occurred, one must compare the sen- 
sibility of a place outside of its reach with that of a place where the anes- 
thesia is expected to be present. A more certain method is to test the 
disappearance of the reflexes, which surely denotes the approach of the 
anesthesia. Gradually the sense of touch and posture also is lost. 
Subjectively, the patient experiences a feeling of numbness in the legs. 
Motor disturbances may also set in, most often and most markedly with 
stovain anesthesia, but also with the use of cocain and tropacocain. 
The pareses begin in the muscles of the foot and extend rapidly upward, 
involving more markedly the extensors than the flexors. 

The height to which the anesthesia extends depends upon a great 
variety of circumstances. With a larger dose the anesthesia extends 
higher up than with a smaller, but we should endeavor to employ the 
smallest efficient dose. It is plain that by dissolving a certain quantity 
of the anesthetic in a larger amount of the cerebrospinal fluid areas 
situated higher up may be reached. 

We can also obtain higher anesthesias by elevation of the pelvis, 
as introduced by Klader. The cerebrospinal fluid then will run toward 
the head, carrying the injected anesthetic along with it. High anesthe- 
sias should not be produced with stovain, because of the danger of res- 
piratory paralysis. If they are to be produced at all, the less dangerous 
tropacocain should be employed. Operations for goiter, thoracoplasty, 
and cancer of the breast have been performed in this manner. I wish to 
emphasize the need of great caution in elevation of the pelvis, as it may 
easily lead to respiratory paralysis and collapse — dangers to which 
Sandberg^* has called particular attention. 

It occasionally happens that the anesthesia is unilateral, an occur- 
rence which, naturally, is extremely embarrassing in case, for example, 
the left side alone is anesthetized, when the operation is to be performed 
on the right. Donitz^^ has offered a very plausible explanation for 
these unilateral anesthesias, viz., that the injection has not been made 
in the cisterna terminalis, but at the Very beginning of the cauda 
equina, in either the right or the left bunch of nerve-fibers. There the 
anesthetic has been prevented from spreading about freely, it being 
only the adjacent roots of the cauda equina which have become af- 
fected by it. 

It has been previously stated that in anesthesia with stovain and 
tropacocain the intestine becomes contracted, which might perhaps 
be of importance in operations for ileus. As far as I am aware no 
investigations or experiments have as yet been made directly to regulate 
intestinal peristalsis by agents injected into the subarachnoid space. 
After a subarachnoid anesthesia motion and sensation return much 
more slowly than they were lost, and, in the reverse order, so that the 
power of motion returns first, then the sense of posture and touch, and 
finally the sense of pain. 
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The duration of subarachnoid anesthesia is generally from three* 
quarters of an hour to one and one-half hours. Tropacocam anesthesias 
are, as a rule, of shorter duration than cocain and stovain anesthesias, 
while novocain anesthesia is said to last from two and one-half to three 
hours. 

couplications and sequels. 

Deaths. — During subarachnoid anesthesia it occasionally happens 
that the patients become nauseated and vomit, and are seized with a 
feeling of anguish and with headache. Occasionally, also, the patient 
turns pale and perspires profusely, while the pulse at times becomes 
small and weak. Cases of cessation of the respiration, and, in rare 
instances, death during anesthesia, also occur. Even after the anes- 
thesia has passed away, complications of various kinds may at times 
appear. 

A main group of sequels is spoken of under the name of meningism, 
a symptom-complex which has its origin in an aseptic irritation of the 
meninges. It consists of an intense headache, dizziness, nausea, 
vomiting, rigidity of the neck, tenderness to pressure over the cervical 
vertebra, and pain in the small of the back. 

The most frequent sequel consists of a headache, which, although 
light in most cases, may in some instances be severe. It is said to occur 
least often after tropacocain, while it is more common and more severe 
after novocain and stovain. 

As remedies for the headache, morphin, antipyrin, quinin, an ice-bag 
to the head, etc., have been tried. Some have observed an amelioration 
from repeating the lumbar puncture; others have tried this without 
avail. Care should be taken that soda, carbolic acid, and other chemi- 
cals employed in the sterilization do nut cling to the instruments, and 
thus become injected into the lumbar sac, where they are by no means 
indifferent. The instruments should be carefully rinsed in a physiologic 
saline solution, or, better still, no strong antiseptics should be used in the 
sterilization. 

Hauber has often seen sleepl^ness, at times lasting for seven nights, 
following subarachnoid anesthesia. Cases of pain at the site of the 
puncture (injury to the periosteum) and paresthesias in one or both 
legs (nerve lesions from the puncturing needle) have been reported 
by several authors. 

Elevation of temperature, with or without chills, occurs, especially 
after tropacocain, while it is said not to occur after novocain and stovain. 
It is to be noted that the pulse in spite of the elevation of temperature, 
which at times goes above 39° C. (102.2° E.), is of normal frequency 
and strength, and that the patients do not become depressed from the 
fever. The fever is supposed to depend upon a direct irritation of the 
heat-center. 

Should collapse occur, it is treated by injections of camphor, caffein, 
digalen, etc. Good effect has been noted from intravenous injections 
of NaCl with epirenin“ (0.001 in 0.1 per cent, solution). Even after 



COMPLICATIONS AND SEQUELS. 


1093 


sub&r&chnoid anesthesia severe collapses may occur, especially if the 
patients do not maintain a horizontal position. £ven cases of secondary 
hemorrhage are mentioned as occasionally following subarachnoid 
anesthesia. Kopfstein,“ for example, reports such a case. A non- 
dangerous complication after tropacocain is mentioned by Urban,'* 
who has h^ several cases of violent priapism, which is explained as 
caused by irritation of Goltz’s erective center in the lumbar portion of 
the cord. 

The most important sequels are, however, those pertaining to the 
motor functions. Most often it is the stovain which causes these effects, 
and to a less degree novocain and tropacocain. Cases of paralyses 
of the ocular muscles are occasionally mentioned. Most often one or 
both abducens, but also the trochlearis, have been affected. The 
paralysis is very similar to post-diphtheritic paralysis, inasmuch as it 
appears at a certain time (from four to eighteen days) after the anes- 
thesia, and spontaneous recovery takes place in from twenty-one to 
thirty-six days. A toxic neuritis or a toxic change in the nerve nucleus 
offera, perhaps, the most plausible explanation. Oculomotor paralyses 
have occurred after lumbar puncture alone. 

The pareses of the legs which normally occur with subarachnoid 
anesthesia may, occasionally, remain for several hours. 

Especially after stovain anesthesia, there occurs, at times, a tempo- 
rary paralysis of the sphincter oni, with involuntary defecation. Cases 
arc also reported when patients are unable to void their urine, neces- 
sitating catheterization of the bladder for one or two days following. 
As is well known, however, this occurs occasionally also after general 
narcosis. 

The most important paralyses which may occur during subarachnoid 
anesthesia are, without comparison, those of the respiration. They are 
caused by the anesthetic getting too high up, so as to paralyze the res- 
piratory muscles, or they may be due to a direct action of the anes- 
thetic upon the medulla oblongata. Donitz has demonstrated, by 
animal experimentation, that stovain in the fourth ventricle wUl cause 
an arrest of the respiration, while the heart’s action may continue even 
for thirty minutes. In order to avoid respiratory paralysis, especially 
with the use of stovain, which in this respect is the most dangerous, 
one should remember to take pains to prevent the anesthetic from 
traveling too high up, and repeatedly to test how high up the ane^ 
thetic has extended. In case it should be found to reach up to or 
above the clavicles, and out on the arms, then we should raise the 
patient, thus causing tbe poison to flow away from the cervical cord 
and the medulla oblongat&. At times also a slow pulse, 40 or there- 
abouts, will indicate that the anesthetic has extended too far up, thus 
paralyzing the accelerating nerves of the heart. In case of respiratory 
paralysis, artificial respiration should be started immediately. In 
many cases this has a good chance of success, as the heart’s action 
still continues. 

It is difficult to get a definite idea of the frequency of deaths during 
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and after subarachnoid anesthesia. Hahn‘* gives 8 deaths in 708 sub* 
arachnoid anesthesias; Patte'rson"*, 20 in 7807; Reclus,” 6 in 2000; 
Zahradnicky,’^ 12 in 4670; Wainwright,” 14 in 16,300; and Strauss,** 46 
in 22,717 cases. 

In the above review the dark sides of the method have been related, 
sitowing the high mortality of subarachnoid anesthesia as compared 
with the mortality of general narcosis (chloroform, 1 in 3045; ether, 1 
in 15,738, Zachrisson*^). It may seem, therefore, as though subarach- 
noid anesthesia ought not to be considered. But it should be remem- 
bered that it is incorrect to compare these mortality hgures, as a great 
number of patients operated upon under subarachnoid anesth^ia are 
very low and unfit to be operated upon under general narcosis. If it 
were possible to make a full comparison, it might perhaps be found 
that large groups of operations, for example, prostatectomies, etc., 
under subarachnoid anesthesia, have a better prognosis, or by means 
of this method have become possible. Finally, we must remember 
that the above complications are in some cases due to technical errors 
and inexperience with the method, and that, with continued improve- 
ment in the method, its dangers will be lessened. For a comparison 
one should consider the first decade in the era of narcosis with the 
numerous deatlis from chloroform and our present-day narcosis. Sub- 
arachnoid anesthesia has lived through its first decade, during which 
time a rich fund of experience has been gathered by which the method, 
in its future development, will be rendered less dangerous. 

INDICATIONS AND CONTRA-INDICATIONS. 

During the first experimental years of its existence subarachnoid 
anesthesia was employed in many places much too extensively. Now 
that we know more about subarachnoid anesthesia and its dangers, it 
will be necessary to give more definite indications for its use. As a 
general rule, it may be said that it should be used only in those cases 
in which general narcosis is, for one reason or another, inapplicable. 
Further, it should be used only in operations below the costal border. 
If the anesthesia extends higher, the danger of respiratory failure be- 
comes too great. Operations on the genital organs, the perineum, and 
the rectum are especially suitable for subarachnoid anesthesia. More- 
over, all operations about the leg are easily performed under subarach- 
noid anesthesia, and many authors consider also operations for hernia 
as suitable, but these operations are better performed with local anes- 
thesia, according to the method of Cushing, as is customary in Lennan- 
der's clinic. Laparotomies in the lower paH of the abdomen may be 
performed under subarachnoid anesthesia, but the peritoneum will 
seldom become entirely insensitive to pain, as it is innervated from seg- 
ments which are situated high up. The majority of authors are agreed 
that subarachnoid anesthesia is unsuited to operations on children, 
as they are very susceptible to poisons and, as a rule, stand narcosis 
wdl. Moreover, it might psychically affect children badly to be oper- 
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ated upon while they retain their full consciousness. Aged pationts, 
on the contrary , excluding the extremely old, bear this method very well. 

^ In diseases of the spinal cord, or in such conditions where subarach- 
noid anesthesia will render the spinal cord a “focus rninoria re»istenHa," 
this method should be avoided. So, also, in cases of sepsis or pyemia 
(suppurative infections near the point of injection are naturally pro- 
hibitory to the method), the possibility of rendering the subarachnoid 
space accessible to metastases should be borne m mind. In the case of 
recent lues the method is contra-indicated. The method should not 
be employed in patients who are already in collapse, nor in patients 
who are in a state of nervous excitement. 
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For use in subarachnoid anesthesia, the “Record” syringe,*® recom- 
mended by Bier, and a needle 9 cm. long, provided with a mandrel 
(F^. 499), are the best. The syringe comes in several sizes, most com- 
monly those holding 2 cc. are used, but even larger ones, up to 10 cc., are 
employed. The large-sized syringes are used by those who wish to mix 
the solutions or the tablets in the syringe (see section on Anesthetics, 
p. 1061) with a greater amount of the cerebrospinal fluid. For reasons 
already stated (p. 1088) I consider it safest 
to avoid this mixing, and also to avoid 
using the tablets, however convenient the 
use of the latter may be. It is better, like 
Barker, to have the solution unmixed with 
and heavier than the cerebrospinal fluid, as 
it in this way will be easier to determine its 
position within the subarachnoid space. 

A syringe holding 2 cc. consequently will 
well answer the purpose. Barker has also 
added a cannula, which fits on to the point 
of the syringe, and when carried through 
the needle reaches beyond its point. This 
cannula is intended to make sure that 
the solution is injected into the subarach- 
noid space. It might happen that the punc- 
turing needle assumes a position as shown in 
Fig. 500. Only its very point has entered the 
subarachnoid space, and nothing prevents 
the cerebrospinal fluid from escaping. Be- 
lieving that the needle is entirely within the 
subarachnoid space, the operator injects the anesthetic. Only a part of 
the solution, however, may enter the subarachnoid spam, while the 
main part remains behind. By means of the cannula inserted into 
the puncturing needle one will always be able to reach b^ond the 
point of the needle, and consequently be certain to be within the 
subarachnoid space (Fig. 501). 



Fio. 409.— Sykincie and Cannulas 
FOR Subarachnoid Anesthesia. 
(Acoording to Bsrkor.) 
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An indispensable requirement is that the armamentarium intended 
for subarachnoid anesthesia be kept separate, and be used soldy for 
this purpose. In sterilizing the instruments one must carefully avoid 
boiling them in alkaline solutions, as alkalis may destroy the effects of 
the anesthetics. The instruments shopld, therefore, be sterilized by 
boiling in distilled water. Preceding the puncture, the integument of 
the lumbar region should be carefully disinfected in the customary 
manner. If sublimate or other strong antiseptics have been employed, 
they must be washed off with saline solution, to prevent their being 
carried by the puncturing needle into the spinal canid, where they might 
cause irritation. The disinfection is finished by washing with ether. 


The puncture is most easily done 
with the patient sitting, the legs 
dangling, and back strongly flexed 
in the lumbar region. It is well 




Fiq. 5^)0. — Demonstratino the Umb op the Fig. 501.— Side View of Lumbar Punc- 
IwNBK Cannula, for Injection into the tube between the Third and Fourth 

S iHAKACHNOiD Space. (Acooitling to Lumbar VERTEUR4fi. 

Barker.) 


to have a nurse stand in front of the patient to support him. The point 
for puncturing is either between the second and third or between the 
third and fourth lumbar vertebra: (Fig. 502). These points are easily 
located by palpation, starting from the spinous process of the fourth 
lumbar vertebra, which is found at a level with the highest points of 
the iliac crest. After a preceding ethyl chlorid anesthesia of the skin, 
the puncturing needle with the mandrel is introduced at the above- 
described point, straight in the midline. The needle is introduced 
firmly, taking care to keep straight in the midline, but giving it a 
slight upward direction. When the interspinal ligament has been 
pierced through, there is scarcely any further resistance to be felt. 
Many surgeons, however, prefer to insert the needle about one centi- 
meter to the right or left of the midline (Fig. 501). The mandrel is 
removed, so that the escaping fluid may be immediately observed. By 
retaining the mandrel in place too long, one runs the risk of not know- 
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ing when the subarachnoid space has been entered, and one may even 
traverse the entire subarachnoid space and thrust the needle into its 
anterior wall. As has been said, the needle without mandrel is now 
pushed forward, and after having penetrated the dura and the arach> 
noid, which practically form one membrane, offering a characteristic 
slight resistance, the cisterna terminalis has been reached, and the 
cerebrospinal fluid escapes, dripping fast or in a continuous stream. 
If, in introducing the needle, it should happen to strike against a 
bone, it should be slightly withdrawn and its direction somewhat 
altered. In case only very little fluid should escape, the needle may 
be turned around or pushed a little forward, or slightly withdrawn, 



Fig. 592. — The Point for Lumbar Puncture. 

until a freer flow is established. Should this not succeed, subarach- 
noid anesthesia had better be abandoned, for the reason that one 
might possibly have got in among the branches of the cauda equina. 
If, in spite of all this, the injection be completed, one runs the risk of 
getting a one-sided anesthesia. In case of hemorrhage, the puncture 
should be repeated at another point. 

Provided, then, that all signs indicate that the cisterna terminalis 
has been successfully reached, from 7 to 10 cc. of the fluid is allowed to 
escape, when the anesthetic, held in readiness in the syringe with its 
cannula, is injected (in rega^ to dosage, see section on Anesthetics, 
p. 1088). If the cerebrospinal fluid is not clear, no injection should be 
made, but general narcosis should be resorted to. The cloudy fluid 
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should be most carefully examined bacteriologically and microscopically, 
of course. The needle, together with the cannula, is now quickly re- 
moved, and the opening covered with a piece of adhesive or collodion 
band. The patient is then slowly placed upon his back. A wedge- 
shaped pillow, about 10 cm. high, is placed under the pelvis. A 
pillow is also placed under the shoulders, in order to raise the cervical 
portion, and the head is supported and kept as much as possible bent 
forward on the chest. After waiting for the anesthesia to appear, the 

operation may be begun. 

Should subarachnoid anes- 
thesia be done with the patient 
fasting or not? As in local 
anesthesia, so also in subarach- 
noid anesthesia, it has been 
proved best not to operate on 
an empty stomach, but, if pos- 
sible, to allow the patient some 
food before the operation. 
Even during the course of the 
operation it may be well to 
stimulate the patient by per- 
mitting him to partake of wine, 
coffee, or other stimulants. If 
the patient has taken food, one 
is, as a rule, prevented, how- 
ever, from continuing the 
operation under narcosis in 
case the anesthesia should not 
succeed. 

In exceptional cases, when 
the patient is unable to assume 
the sitting posture, the punc- 
ture may be done while he 
lies on the side, with the knees 
sharply drawn up.' In order to diminish the psychic shock which 
the waking state during the operation will produce in some patients, 
Kronig, for example, has combined subarachnoid anesthesia with sleep- 
narcosis. Two hours before the operation the patients are given 0.0003 
gm. scopolamin + 0.01 gm. morphin. One hour before the operation 
this dose is repeated, and if the patient, at the beginning of the operation, 
has not yet gone to sleep, another dose of 0.00015 gm. scopolamin is 
administered. It is perhaps too early to express an opinion as to the 
advisability of this method, but the heaping up of so many poisons is 
at first sight repugnant. 

^ In his latwt contribution (Brit. Med. Jour., Feb. 1, 1908) Barker performs 
the puncture with the patient lying on his side, knees well drawn up, and a small 
pillow under the trochanter. Special attention is given to having the head and 
shoulders raised high. Only in operations upon the perineum is the injection made 
with the patient sitting. 



Fig. 503. — Showing Flisxkd Portork of Patirnt 
AND Point for Making Lvmuar Puncture. 
One Centimeter to the Side of the Median 
Line, and Between the Third and Fourth 
Lumbar Spines. 
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In speaking of the technic, it will be well to dwell upon a phenom- 
enon which, in many cases, is supposed to be due to some error in the 
method. At times it will happen that, even though the injection has 
been perfectly successful, still no anesthesia follows. To this class are 
naturally not to be referred those cases in which, on account of abnormal 
ossification or deformities of the spinal column, the injection has been 
impossible, but only those cases in which the injection has really been 
accomplished. A great variety of causes for these failures have been 
already touched upon. For example, it has been said that alkalis will 
destroy the effect of the anesthetic; that the injected solution, instead of 
entering the subarachnoid space, may possibly be deposited in the epi- 
dural space, or among the nerve-fibers at one side of the cauda equina, 
in which cases failures or one-sided anesthesias will be the result. Laza- 
rus*® has pointed out that, even in an eventual hemorrhage, the alkalin- 
ity of the blood would be sufficient to destroy the anesthesia. Moreover, 
too often repeated and violent sterilizations of the anesthetics should be 
thought of as possible causes, but, allowing for all these technical errors, 
there yet remains a group of cases in which the explanation of the 
failure must be ascribed to a certain insusceptibility to the anesthe- 
tizing agent. The frequency of these failures is very variously esti- 
mated by the different authors, and the majority of cases belong 
generally to the earlier series of spinal anesthesias, which goes to show 
that, with a more skilful technic, these failures are becoming more and 
more infrequent. Dcfranseschi,*^ for example, gives one such failure 
in 420 cases of tropacocain; Sonnenbur^ and Holtzbach*® none in 83 
and 80 cases. The collected statistics from Moabit (Oelsner, loc ciU) 
give, however, no less than 63 cases in 875 cases of stovain and novo- 
cain subarachnoid anesthesia. In case of such an insufficient anes- 
thesia, it will be necessary either to resort to narcosis, which has proved 
to be without danger or, if the maximum dose has not been given, to 
repeat the injection. 

FINAL REBSARKS. 

I have sought to picture the present status of subarachnoid anesthesia. 
Certain difficulties in the method yet exist; but we have reason to 
believe that these difficulties will be overcome by continued work and 
additional experience, and I am of the opinion that the method, in a 
large number of cases, will be of great help, and that, for this reason, it 
will not be abandoned. Tropacocain is at the present time the anes- 
thetic which is most frequently employed, and is the least dangerous. 
It seems to me that the righjb road for future work in this field has been 
pointed out by Barker,** who was the first to emphasize the importance 
of the weight of the injected solution, and other conditions within the 
subarachnoid space. Although a 6 per cent, solution of tropacocain 
is somewhat heavier than the cerebrospinal fluid, it might still be of ad- 
vantage to increase its specific gravity by the addition of grape-sug^, 
thus substituting a tropacocain-grape-sugar solution for Barker’s stovain- 
grape-sugar solution, in spite of the fact that stovain has, in the hands 
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of Barker, proved itself so free from danger. Subarachnoid anesthesia, 
however, cannot entirely take the place of narcosis because of its 
dangers, and should be used only in those cases in which narcosis is 
contra-indicated. An inconvenience for a great number of patients is 
also connected with the method, viz., it does not abolish consciousness, 
as Keen" (1897) says: . '‘The ideal anesthetic will not be one which 
will abolish pain without abolishing consciousness. To have the 
patient aware of surgical emergencies which test even a veteran 
operator’s skill and resources to the utmost would frequently invite 
death by the terror which it might occasion. The ideal anesthetic 
will abolish pain by the abolishment of consciousness, but without 
danger to life.” 
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CHAPTER LXXXIL 

THE SURGERY OF THE INFECTIOUS DISEASES. 

By Georgb E. Armstrong, M. D., 

MONTREAL. 

Because of its importance and varied lesions, the first place may 
quite properly be assigned to typhoid fever. 

THE SURGERY OF TYPHOm FEVER. 

No disease can better illustrate the *' Grenzgebiete der Medizin und 
Chirurgie.” Holscher found that 24 per cent, of 2000 fatal cases died 
of the fever, and 76 per cent, of the complications and sequels. These 
in great part are surgical. The profession is indebted to Keen for a 
monograph on “ The Surgical Complications and Sequels of Typhoid 
Fever” * that may be called classic. It brought prominently forward, 
in convenient form, an immense amount of information and stimulated 
observation and inquiry among physicians and surgeons, and induced 
treatment that has led to a distinctly lessened rate of mortality. 

The list of surgical complications is a long one, including intestinal 
perforation, inflammation of bones and joints, infection of the bile- 
passages, the formation of abscesses, intermuscular and glandular, etc. 
The wide distribution is more easily understood since the discovery of 
the bacillus of typhoid. Its presence in the blood in 85 or 90 per cent, 
of all cases makes more plain what would otherwise be inexplicable. 

Perforation of the Bowel. — The most important and the most 
fatal complication is intestinal perforation. Its frequency has been 
estimated at from ^ of 1 to 11 per cent. Its relative frequency in mild 
and severe cases is not yet clearly determined, but it is quite probable 
that it is more common in the latter and in the ambulatory class. 

Holscher, in 2000 fatal typhoid cases, found 114 perforations, or 
5.7 per cent. Osier found in 80 typhoid autopsies 20 perforations, or 
25 per cent. In the Montreal General Hospital during the eight years 
just passed the percentage in the different years has varied from 2f to 
9 per cent. In ^1 there were 1405 cases of typhoid, with 70 perforations, 
or 4.98 per cent. Hafte and Ashhurst * report a collection of 8881 cases, 
with 225 perforations, or 2.54 per cent., which would seem to represent 
a fair average. 

That it is more frequent in the northern latitudes of both continents 
is the general impression. As contributory causes may be mentioned 

* W. B. Saunders Co., Philadelphia, 1898. 
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mtestinal parasites, unnecessary moving of the patient, vomiting, and 
extreme peristalsis (Zesas^). 

The old rule to begin the treatment of typhoid by a good calomel 
purge at the outset may be really a scientific practice. It clears away 
a lot of deleterious decomposing matter, and leaves the long intestinal 
tube in a cleaner and healthier condition, and a less favorable field 
for those exciting causes which act mechanically by causing great 
distention, irregular peristalsis, and vomiting. 

There do not seem to be any good grounds for attributing to the 
cold bath an increase in the frequency of this most unfortunate com* 
plication. True, symptoms of perforation have been observed during 
the administration of a bath. In a hospital where large numbers of 
cases receive the bath treatment it could hardly be otherwise.. On the 
contrary, there is little doubt that perforations are at least quite as 
common in cases treated without as in those with baths. 

Perforations occur with almost equal frequency during the third, 
fourth, and fifth weeks of typhoid. Osier observed one on the eighth 
day, and Briggs,’ on the sixth day. It has been reported as occurring 
as late as the seventy-second, seventy-sixth, and one hundred and 
tenth day. Devic and Froment^ discussed its occurrence late in the 
disease, and conclude that it has happened frequently during relapses 
in certain epidemics. 

The perforations are generally in the lower part of the ileum, the 
terminal 3 feet (in 95.5 per cent, of cases within the first 18 inches), 
where there is the greatest abundance of lymphoid tissue. This is 
fortunate, in that it simplifies the diagnosis to some extent and directs 
the operator in finding and closing the opening. The exceptions, 
however, are of sufilcient moment always to be borne in mind. It 
may be in the jejunum, in any part of the ileum, in the appendix, 
ascending, transverse, or descending colon, in the sigmoid, or in Meckel’s 
diverticulum. Again, the perforation, although usually opposite the 
mesenteric attachment, where the lymphoid tissue is most abundant 
and the blood-supply least, may occur between the layers of the mesen- 
tery of the small or large bowel. In the latter case, the fact of its 
occurrence may only be definitely determined when a comparatively 
slowly developed abscess bul^ng into one or the other loin is evacuated. 
Within the abdomen such an abscess may be mistaken for a suppurating 
mesenteric gland. 

Fortunately, in about 84 per cent, of the cases the perforation is 
single. The possibility of a second or third perforation being present 
must, however, be borne in mind. Spots likely soon to perforate may 
sometimes be unfolded and sutured over. Even more disappointing 
and disastrous are those second or third perforations occurring days 
after the closure of the first. In one of my own cases the second per- 
foration occurred twenty-four days after the closure of the first. The 
third occurred four days later. The edges of the abdominal incision 
had parted when the stitches were removed after the second perform 
tion, and the perforated coil of gut was exposed. Four days later a 
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fourth perforation occurred in the exposed and isolated intestinei with 
considerable hemorrhage. 

The immediate results of perforation depend upon the full or empty 
state of the gut, the size and situation of the opening, the presence or 
absence of adheuons, the activity of the peristalsis, the bacteriology, 
the treatment, and the resisting power of the patient. There may 
follow an acute peritoneal sepsis, peritonitis with a yellow purulent 
exudate, or a fibrinopurulent peritonitis (Mikulicz). That an adhesive 
peritonitis may occur in typhoid perforation can no longer be questioned, 
although its rarity is well known. The adhesion may be to the abdomi- 
nal wall, a neighboring coil of intestine, or a protecting fold of omentum. 

Tavel and Lanz, as well as Benvenuti and Fedeli (Zesas’), have 
experimentally proved what had been suspected clinically, and shown at 
autopsies, that bacteria, and particularly colon bacilli, under favorable 
circumstances, can wander through the unpcrforatcU intestinal wall. 
Peritonitis may also be due to the transmigration of parasites through 
the diseased wall of the bowel (Ross*). 

The changes in the lymphoid tissue consist chiefly in proliferation 
of the endothelial cells of the lymph- and blood-vessels. Tliey show 
a marked tendency to gorge themselves with lymph-cells. This is 
aided by the mechanical ischemia produced by choking of the vascular 
channels and by the direct action of the typhoid toxins. The toxins 
would seem to be the agents producing the agglutination thrombosis 
of the erythrocytes in tjrphoid fever, and predispose to sloughing, either 
molecular or massive. 

Although more common in adults, and at the age most susceptible 
to the typhoid poison, children are by no means exempt. In them 
typhoid is, as a rule, mild and extensive ulceration rare. Typhoid 
ulceration is said to be uniformly absent in the fetus. Griffith* reports 
6 perforations in children under thirteen years of age, and Elsberg,^ 
in a series of 289 cases, found 26 in children under fifteen years of age. 

Symptoms. — ^The earliest, most important, most constant, and m<»t 
suggestive symptom is pain. In the very great majority of cases ite 
onset is sudden and severe, “le coup de poignard peritoneal.” It is 
generally referred to the lower abdomen and often rather to the right 
of the median line. Exceptionally it is slight or even absent. This 
may be the case when some friendly adhesion seals the opening tem- 
porarily, when the patient is apathetic, or when the perforation is 
between the layers of the mesentery of the bowel. The location of 
the pain is dependent in part upon its situation, but sometimes is 
referred to unusual situations, as the end of the penis, the penneum 
or the epigastrium, for reasons not yet satisfactorily explained. 

Tenderness, localized or general, is nearly always present. 

Vomiting is by no means a constant symptom, but when p^nt 
for the first time in association with pain and tenderness is si^incant. 
Increased resistance or rigidity is present, as ai. rule. Roundmg up 
of the abdomen is nearly always apparent. The pulse generally loses 
quality, and the temperature alters, more commonly falls, more or less, 
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although an important rise is sometimes observed and is probably 
equally significant, notwithstanding Dieulafoy’s dictum. Defecation 
and urination have succeeded the pain, within a few minutes, in a large 
number of our cases. The first stool consists of the feces present at 
the time in the rectum and sigmoid; frequently within an hour or two 
it is followed by another containing a tinge of blood. Suppression of 
stools is a less common occurrence. In Edition to the above there 
is a changed expression, the patient has obviously altered for the 
worse, without, as a rule, passing at all into a condition of shock. 
Perforation is more frequent and more fatal in men than in women. 

Diagnosis. — True it is that perforation is the most lethal complica- 
tion of enteric fever, and equally true it is that early diagnosis is the most 
vital question in perforation, present or suspected. When the symp- 
toms are all present, error is rare. The diagnosis is that of peritonitis. 
Peritonitis may be present without macroscopic perforation. This 
statement is confirmed by the Munich autopsies and by numerous 
operators, among whom may be mentioned Goodall,* Spencer, Hawkins, 
and many others. One might expect propagation peritonitis to be of 
a milder type, the pain less severe and more generalized, but Queirolo 
has shown that it may be attended by just as severe pain and just as 
acute an onset. No trustworthy guidance can be obtained from blood 
examination. 

The great thing is a keen appreciation of the elusiveness of per- 
foration, and constant watchfulness that the first and most indefinite 
evidence of its occurrence may not remain unnoticed. The diagnosis, 
often extremely difficult, sometimes impossible, can generally be made 
with comparative certainty. The difficulties are demonstrated by 
the occasional opening of an abdomen intra vita without finding any 
evidence of perforation, and post-mortem by finding an undiagnosed 
perforation with extensive peritoneal infection. Hence the opinion 
that, in doubtful cases, an exploratory incision is advisable and con- 
servative. It is quite practicable to open the abdomen in a suspected 
case under local anesthesia. It is not always safe, however, to trust 
appearances at the point of incision. There may be no evidence of peri- 
tonitis, no intestind contents or effusion visible, no free gas, and yet 
on going further and examining the first two or three feet of the ileum 
a perforation be fouhd, nicely closed by adherent omentum. 

The differential diagnosis of conditions simulating perforation is 
important. Hemorrhage, though not attended, as a rule, by much 
pain, is sometimes associated with perforation, as in a series of cases 
reported by Osier. In one instance, although no perforation was found, 
the operator probably saved a life by finding and arresting the bleeding. 

Volvulus and intussusception may simulate perforation very closely 
and mislead the most astute. 

Allyn* and Kiliani*** report perforation of the gall-bladder in typhoid. 

The usual rules of differentiation between these several conditions 
apply here as elsewhere. The possibility of their occurrence must be 
kept constantly in mind, but the difficulties are often overwhelming. 
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The differentiation between a perforation of the ileum within a few 
inches of the valve and a perforated appendix vermiformis, a right 
pyosalpinx, or a suppurating mesenteric gland can seldom be made 
with any degree of certainty. 

Prognosis. — The prognosis in typhoid peritonitis is always grave. 
It is better, when not secondary to an actual perforation, when adhe- 
sions limit the spread of the infection, when recognized and ti*eated 
early, and in women and children. 

Treatment.--Von Leyden’s suggestion in 1884, that the surgical 
was the only rational way of treating perforations of the stomach and 
intestines, came at a time when surgiciU technic justified its acceptance. 
The same year Mikulicz closed a typhoid perforation, in a male forty 
years of age, by suture. The operative method of treatment obtained 
favor in Germany, England, and America. In France it had no status 
until Dieulafoy presented a paper before the French Academy reciting 
the experiences of German and English-American surgeons. The 
results, gratifying to an extent, may yet be greatly improved by earlier 
diagnosis and improved technic. 

In 1898 Keen collected 83 cases, of which 16, or 19.36 per cent., 
i-ecovered. In 1904 Harte and Ashhurst^ collected 362 cases, of which 
94 or 25.97 per cent., recovered, and in the same year Zesas- reported 
255 cases with 95 recoveries, or 37.25 per cent. 

It seems fair to say that any series of cases collected from medical 
journals give a percentage of recoveries above what really obtains, for 
the simple reason that successes are more frequently reported than 
failures. A more correct estimate of the percentage of recoveries after 
operation is obtained by analyzing the 6gui‘es of the hospitals, in which 
all the cases of perforation are included. If this is done, 25 per cent, of 
recoveries will be found to be a fair estimate of what has been attained 
up to the present. It should be observed that these figures represent 
the percentage of recoveries in cases operated upon. They do not 
represent the percentage of recovery from typhoid perforation. For 
instance, in the Montreal General Hospital during the past eight years 
49 perforations were closed and 12 recovered, or 24,4 per cent. During 
that period, however, 70 perforations occurred in the hospital, so that 
while the percentage of recovery in cases operated upon was 24.4 per 
cent., only 17.1 per cent, of the total number of perforations recovered. 
Meakins" reports the results obtained in the Royal Victoria Hospital 
of Montreal during the past ten years. There were admitted 1230 
cases of typhoid fever, and perforation occurred in 32, or 2.6 per cent. 
Twenty of these 32 were operated upon and 5 recovered, or 25 per cent., 
but only 15.6 per cent, of the total number of perforations recovered. 
In the remaining cases operation was not performed because of the 
hopeless condition of the patient, refusal on the part of the patient or 
friends to submit to the operation, or to non-recognition of the lesion. 
These figures strongly suggest the great necessity for constant vigilance, 
and the possibilities for greatly increasing our percentage of recoveries. 
In Elsberg’s^ aeries 64 per cent* of the children under fifteen years of 
vou V— 70 
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age recovered, but only 22.4 per cent, of the adults. In children the 
infiltration of the bowel-wall is less. If the mortality in typhoid from 
perforation is 30 per cent., as estimated by Osier, then we have reduced 
it by half in the cases operated on, but there is an enormous number still 
allowed to die for want of operation. 

In considering operative details, the question of anesthesia assumes 
some importance. Under favorable circumstwces the abdomen can 
be opened and the perforation closed under local anesthesia, the patient 
suffering comparatively little or even no pain. If there is much manipu- 
lation of the inflamed peritoneum, and if the patients are nervous and 
unwilling to bear pmn — if they are children, frightened at the idea of 
an operation and at their surroundings, or if they are foreigners and 
no one is present who can converse with them intelligently, a general 
anesthetic is usually a necessity. The employment of local anesthesia 
should be the rule, reserving general anesthesia for the exceptional 
cases in which the former is inadequate. The patient may be washed 
and prepared before its administration, or, in exploratory cases, incision 
may be made under a local, and a general anesthetic be administered 
later, if required. The general experience is that typhoid patients 
do not suffer from a short administration of a general anesthetic, as in 
opening the abdomen and closing the perforation. In fact, very com- 
monly their condition during the immediately succeeding twelve or 
fourteen hours is appreciably improved. Under a general anesthetic 
one certainly feels more at liberty to make a brief survey of the neighbor- 
ing coils, perhaps closing in the base of neighboring ulcers or following 
the lead, as did Killiani,'** when, after closing two perforations in the 
ileum, noticing a bright yellow color in the abdominal fluid, extended 
the incision and found two small perforations in the fundus of a gangren- 
ous gall-bladder. Cholecystectomy was performed. This seems to be 
the only instance so far recorded of operation for apparently simul- 
taneous perforation of the gall-bladder and ileum in typhoid. AUyn* 
reports a case in which a suspected perforation could not be found; 
the autopsy, however, revealed an opening 1 cc. in diameter in the 
gall-bladder, communicating with a small opening in the hepatic flexure 
of the colon. The simultaneous perforation of the gall-bladder and 
colon were apparently^the result of contact infection. 

Remembering the wide distribution of typhoid ulcers, one cannot 
but be on the alert to the possibility of more than one having perforated. 
Little need be said as to the time to operate. By common consent 
we may adopt Keen’s rule: Operate at the earliest possible moment 
in the absence of shock. If shock is present and is severe, wait for a 
reasonable time, but not too long; The result obtained during the first 
twelve hours is better than during the second, and in. the second than 
in the third. ^ The Situation of the pain and tenderness may suggest 
the point of incision. In the absence of special indication, it may be 
in th&i|||nedian line or a little to the right through the rectus. The 
perfornibn is, as a rule, easily and quicldy closed by sutures. Excep- 
tional conditions may demand exception^ resources— as, for example, 
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Da Costa's^* case, where, between the perforation, which was situated 
a little over two feet from the valve and was closed by suture, and the 
valve itself, there were several ulcers on the point of perforating, one 
being at the extreme lower end of the ileum. To have inverted them 
would have destroyed the lumen of the bowel. The patient’s condition 
was absolutely desperate, and resection was not to be thought of, 
particularly as the situation of the ulcers would have made it imperative 
to resect a portion of the colon with a portion of the ileum. He, there- 
fore, performed an enterostomy on the proximal side by Bodine’s 
method. Although secondary perforation occurred on the proximal 
segment of the gut ten days later, fortunately it was among the adhe- 
sions and not into the peritoneal cavity, and the patient ultimately 
recovered. Gibbon'® is of the opinion that in such cases it is better 
to surround the perforated bowel with gauze and establish thorough 
drainage. Le Conte** coincides with Gibbon’s*® view that the safest 
plan is to wall off this area of intestine with gauze from the general 
peritoneal cavity. There is then less danger of a second perforation 
proving fatal, and the hazardous procedure of resection is avoided. 
Anderson,*® impressed with the idea that death may be due to toxemia 
from the absorption of the contents of a paralyzed gut, tries partly to 
empty the bowel through the perforation before closing it. 

The making of the toilet of the peritoneum is one upon which there 
is still great difference of opinion. Some carefully wash out the cavity 
with warm sterilized salt solution. A few wipe off the patches of 
adherent lymph, and it would appear that the majority drain freely. 
It may be said that some of the most satisfactory results have been 
obtained in cases where there was little or no washing, no wiping, and 
as little handling of the intestines as was possible. It is difficult to 
appreciate the unintentional traumatism caused to the delicate peri- 
toneal surface by the most careful handling and douching of the peri- 
toneal cavity. The recovery of the patient depends largely upon the 
normal or excessive functional activity of this great lymph-sac. To 
clean and sterilize is impossible without at the same time lessening 
the power of the peritoneum. Aside from the unavoidable trau- 
matism, there is the great question of spreading the infection. The 
Fowler position must be used in these patients with care. No harm 
and much good may come from providing a way of escape for the sero- 
purulent effusion and other matters by means of a cigarette drain or a 
tube carried to the bottom of the pelvis. 

In extreme cases there would seem to be a great lack of reparative 
power, fortunately not observed within the abdomen, but seen in the 
almost complete absence of union between the edges of the incision. 
On removing the sutures on the fifteenth day or eveii later, — in one case 
on the twentieth day, — ^the edges fell apart. They looked pale and 
flabby and give no evidence whatever of repair. 

A late sequel of typhoid ulceration is reported by Harrison Young. 
The lower twenty-two inches of the ileum were found in a state of 
chronic contraction two and one*half years after ah attack of typhoid. 
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Sudden intestinal obstruction developed after a jolt on horseback. 
The patient died eighteen days later, with symptoms of a second attack 
of typhoid fever. The stricture was due to two bands in the sub* 
mucous tissue, believed to be due to old typhoid ulcerations. There 
were old cicatrices of the mucous membrane, and four recent ulcers 
in the ileum, one of which had perforated. There was also a perforai- 
tion in the cecum. The presence of post-typhoid narrowing of the 
lumen of the intestines is a demonstration of a mixed infection. In- 
testinal lesions due to the typhoid bacillus in pure culture recover 
perfectly and leave little trace of their previous existence. The ileum 
was enormously dilated above the constriction. The recent and fatal 
ulcerations were not thought to be typhoid in origin. 

Stricture of the Esophagus after Typhoid Fever. — Esophageal 
stricture with complete closure, occurring in a male aged seventeen, 
after a severe typhoid followed by a tedious convalescence, is reported 
by Plummer'*; other similar cases were collected by Keen. 

Typhoid Appendicitis.— In their pathologic classification Kelly 
and Hurdon'^ note the following three types: 1. That in which the 
lymphoid tissue of the .appendix participates in the typhoid lesions. 
2 . That in which a secondary infection with pyogenic organisms is 
ingrafted upon the typhoid infection. 3. Those in which a simple 
appendicitis develops, the appendix not l)eing involved in the typhoid 
infection, but in which it is probable that the attack is precipitated by 
the congestion which accompanies the fever. That a gangrenous or a 
perforated appendicitis may occur during an attack of typhoid is 
obvious. Jopson'* gives an interesting example. The difficulty in dif- 
ferentiating between an appendicitis and a typhoid perforation is fully 
recognized. The seriousness of a major operation during the course of 
typhoid is fully appreciated. The advisability of operating, therefore, 
is a subject of the keenest interest. The surgeon sails between Scylla 
and Charybdis. The humiliation involved in a needless operation 
is only exceeded by that felt on finding the operation undertaken too 
late. 

Kelly, Murphy, and Deaver advise delay, emphasizing the high 
mortality of appendicitis in typhoid and advising operation only when 
there is pus or perforation. 

The large percentage of recoveries in cases of typhoid perforation 
operated on after thirty-six hours is explained by the fact that a patient 
who survives the perforation so long has a mild infection, spreading 
slowly enough to permit a combative reaction on his part, or a limitation 
of the infection. Harte and Ashhurst' report 13 cases operated on 
within five days, with 4 recoveries; 2 cases within two weeks, with 1 
recovery; 2 cases after two weeks, with 1 recovery. 

Ty^^ Perforation of the Qall-bladder.— Perforation of the 
gall-bljp3er in typhoid is a rare, but exceedingly fatal complication. 
In l8lli^*^Keen was able to report 30 cases. In 1903 Erdman'* reported 
1 of his own and 3 others. In 1904 Willis** reported 1 case. In 1907 
Kilianp reported another case, unique in the coexistence of 2 perfora- 



THE 8UR0ERY OF TYPHOID FEVER. 


1109 


tions of the ileum and a double perforation of the gall-bladder in the 
same patient. No others have been found in American, English, 
French, or German literature. Zesos,* in his very full paper reporting 
250 cases of perforative peritonitis, makes no mention of gall-blaiider 
perforations. Of the 36 cases, 4 recovered. Nine, including the 4 that 
recovered, were operated on. None recovered without operation. 

The pathology of gall-bladder perforation is unlike that of intestinal 
perforation in that there are no aggregations of lymphoid tissue in the 
gall-bladder to undergo coagulation necrosis. It is, nevertheless, the 
result of infection. {Vide infra.) It is not yet clear whether in the 
cases of perforation the infection is of the mucosa, with subsequent 
ulceration, or of the gall-bladder wall with necrosis, or of the two con- 
ditions together. Nor can it be said whether the perforation is the 
result of infection with the typhoid bacillus in pure culture or in associa- 
tion with streptococci and staphylococci. It may occur independently 
of gall-stones. Of the 36 cases, gall-stones were present in 8 and absent 
in 17. 

The fact that none of the cases not operated on survived, and that 
4 of the 0 cases submitted to operation recovered, points clearly to the 
proper course to pursue. In AUyn’s" case perforation was secondary 
to adhesion with the colon beneath. 

Typhoid Infection of the Liver and Bile-passages.— That 
the liver becomes occasionally infected during enteric fever was noted 
by Louis in 1838 and by many subsequent writers. To bacteriologj', 
however, we owe our present better understanding of the nature and 
path of the infection and its relation to hepatic, abscess, cholelithiasis, 
and cholecystitis. 

The rather astonishing discovery has now been made that a typhoid 
bacillus cholecystitis may be present in people in whom there is no 
evidence whatever of typhoid fever either past or present. Five such 
cases are reported by I^att.** 

Whether the bacilli pass to the liver by the bile-duct, the fmrtal 
vein, or the hepatic artery is difficult to demonstrate; probably in all 
three ways. That they may live in the bile-passages for a long time 
is shown by Moynihan’s” case, in which they were found in the bile in 
pure culture seven years after an attack of typhoid, and in Camae’s 
case after twenty years. They are also found in gall-stones years after 
recovery from the fever. During typhoid a pure culture of the bacillus 
is more likely to be found there than elsewhere, and is no doubt often 
the cause of the not infrequent concurrent cholangitis and cholecystitis. 
In the opinion of many clinicians, the late exacerbations of fever and 
the relapses are, as suggested by Chiari, reinfections from the biliary 
tract. Doerr and others go so far as to suggest that typhoid patients 
are in some instances a menace to the community. I have just been 
consulted by a medical man for pain in the course of the colon, whose 
stools six years after an attack of typhoid contained typhoid bacilli in 
almost pure culture. 

In the liver they lodge in the portal radicals. The liver is often 
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diffusely enlarged, and many abscesses are sometimes found, having a 
well-defined lining membrane. It is thought by Roger’” that when the 
abscesses are single or few in number, the infection is through the 
. hepatic arteiy. They are then of larger size and have no well-defined 
lining membrane. There may be present as coexisting conditions 
abscess in the parotid, mastoid, mesenteric glands, or a suppurating 
perichondritis of the laiynx. When the infection has arrived through 
the ducts, the abscesses have no pyogenic membrane, the pus usually 
contains blood, is dark in color, and the surrounding hepatic tissue is 
markedly inflammatory. Jaundice is sometimes present. The pus 
is generally of a light color, except in pyosepticemic cases, when it is 
of a darker color. The prognosis is bad. They may live fifty or one 
hundred days and die of exhaustion or peritonitis. Some have recovered 
after passing blood in the stools. In the cases that have recovered the 
abscesses have probably followed a pylephlebitis. Treves operated 
in a case that recovered. Sheldon’* could not find a case of hepatic 
abscess of arterial ori^n that got well. 

Pain in the hepatic region, chills, enlargement of the liver, and 
tenderness are suggestive. The aspirator may be used as a diagnostic 
aid. 

Single abscesses should be opened and drained. Surgical inter- 
ference is contra-indicated in midtiple abscesses, but drainage of the 
bile-passages through the gall-bladder may be of service. 

Typhoid Pancreatitis. — ^Moynihan operated upon a boy thirteen 
years of age for recurring pains in the upper abdomen after a slow and 
unsatisfactory convalescence from typhoid. No gall-stones were 
found, but the head and part of the body of the pancreas were enlarged 
to double the normal size and very hard. The gdl-bladder was drained 
for four weeks. After three weeks’ drainage typhoid bacilli were still 
present. Urotropin was then administered, and they disappeared in 
a few days. Recovery was complete. 

Typhoid Spleen. — Splenic abscess after typhoid has only been 
observed in about 20 cases. As to the path of infection, there is stiil 
much speculation. We can only say that when it is remembered that 
in 85 or 00 per cent, of typhoid patients the bacilli are found in the 
blood, it is perhaps a matter of wonder that we do not more frequently 
find these abscesses in the spleen and also in the brain, the lungs, liver, 
kidneys, pleura, pericardium, abdominal wall, and extremities. In 
addition to direct infection of the spleen itself there have been reported 
a few instances of subdiaphragmatic abscess on the left side, containing 
typhoid bacilli in pure culture, and thought to be secondary to splenic 
infection. Fortunately, the perisplenitis is a common accompaniment, 
uniting the spleen by adhesion to the parietes. Thirteen of the 20 cases 
so far reported di^ without operation. In 8 typhoid bacilli were 
found at post-mortem; 5 patients recovered after operation. In 2 of 
these typhoid bacilli were found; in 2 the pus was sterile and in 1 no 
bacteriologic examination was made (Esau”*). In the sixth, the 
patient died after operation and streptococci were found in the pus. 
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In the seventh, the details of which have not been published, typhoid 
bacilli were found in the splenic abscess. 

The diagnosis of splenic abscess is extremely difficult. It is some- 
times a late complication, appearing after convalescence is established. 
Sweats and hectic fever may be present. A left-sided pleurisy may 
develop simultaneously and be of considerable diagnostic vdue. Splenic 
abscess must be differentiated from empyema. Importance should be 
given to the swelling, especially to the rapid development of the spleen, 
expansion of the left side of the abdomen, and the fact that when the 
patient turns upon the right side, a feeling of distress with difficulty 
in breathing is experienced. Pain in the left shoulder has been com- 
plained of. 

The prognosis is good in early operation. 

Treatment . — Evacuation of the pus is generally followed by quick 
recovery. The left pleura must be carefully avoided. Esau’s®* case 
developed sixty-two days after the beginning of the fever. The diagnosis 
was confirmed by puncture. The tumor continued to enlarge. Three 
days after aspiration the abscess was opened by an incision parallel 
with the lower border of the ribs. About 200 cc. of yellow pus with 
shreds of splenic tissue mixed with it were evacuated. Typhoid bacilli 
were not found. The patient made an excellent recovery. 

Hemorrhage from the spleen in typhoid is rare. In 132 cases of 
rupture collected by Berger, 6 were suffering from typhoid. Kammerer* 
found a tear in the capsule in a case of typhoid from which the splenic 
tissue protruded like a mushroom. Another tear, followed by alarming 
hemorrhage, occurred during the manipulation, and he removed the 
spleen. The patient lived twelve hours. Berger states that “lesions 
exclusively of the capsule are without danger, because they do not 
cause hemorrhage.’’ 

Typhoid Osteitis and Periostitis^The infection of the bones 
in typhoid is another evidence of the wide diffusion of the bacillus. 
The greater frequency with which some bones are invaded than others 
is striking. Of Keen*s 216 cases, the tibia, femur, ulna, humerus, and 
ribs were the seat of the disease in 170, or over 82 per cent.^ In the 
forearm the ulna, which would be in contact with the bed, was involved 
15 times and the radius only twice. In the leg the exposed tibia was 
affected 9r times and the fibula only 3 times. 

Although a single focus is very common, yet multiple foci are by 
no means infrequent. In Fisk's” case there were 4 lesions; one over 
the crest of the right tibia, one over the ninth and tenth ribs, one oyer 
the supraspinous process of the right scapula, and one over the left hip. 
Many other examples are to be found in literature. There may be also 
multiple foci of disease in the same bone. In Brewer's^ case there were 
4 in one leg, both in the tibia and fibula, and 3 in the other leg. 
When 2 foci of disease are present in one bone, one may go on to 
resolution without the formation of pus or bone necrosis, and the other 
require incision and trephining of the bone, as in one of the Montreal 
General Hospital cases. Bone disease but rarely develops during the 
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course of the fever— more commonly during convalescence or the suc- 
ceeding three to six weeks. In a number of cases, however, the disease 
has only appeared months or oven two or three years after the fever. 

It may be an osteitis, osteoperiostitis, or periostitis. In the reported 
cases there has been a vagueness in the discrimination between the 
different forms. This must of necessity be the case, because of the 
difficulty in differentiating clinically between periostitis and osteoperi- 
ostitis in the milder forms which do not suppurate. Pathologists 
assure me that there is distinct evidence found in the autopsy room of 
periostitis occurring without evidence of infection in the bone or the 
mrtdullary canal, but in most cases coming to the operating-table there 
is evidence of the bone itself lieing involved as well as its covering. In 
many cases a painful tender node may appear and subside under the 
influence of rest and local treatment, or sometimes without any treat- 
ment. It may reappear again after a few weeks or months and again 
subside, and later on, perhaps, again reappear and go on to suppuration. 

Etiology. — In rare instances the bone infection has extended into 
a joint and set up an ailihritis. 

The important pathologic factor in typhoid Ixme disease is the 
bacillus typhosus of Eberth, either alone or in association with some 
other microorganism, more commonly the staphylococcus or colon 
bacillus. It may be due to thrombosis, it, in turn, lieing due to large 
phagocytic, endothelial cells which come, probably, from the spleen or 
other lymphatic tissue. Post-typhoid bone lesions are sometimes 
present without immediate association with typhoid bacilli. Mixed 
infection is very common, usually with staphylococci and colon bacilli 
from the intestines, where they are normally present. It is probable 
that the typhoid bacilli escape from the intestines through the bases 
of Peyer’s patches, enter the blood-stream, and produce a typhoid sep- 
ticemia of more or less virulence in 85 or 90 per cent, of all cases. We 
now know that in low states of the system other germs, the staphylo- 
cocci and the colon bacilli, and probably the streptococci, may escape 
through the intestinal wall, in the normal parts of the gut, enter the 
blood-stream, and prove a source of mixed infection. This seems to 
be the most probable explanation of the determination of the exact 
locus in the bones and the presence of a pure typhoid or mixed infection 
in individual cases. 

The late appearance of the bone lesions in a considerable number 
of the cases is in itself evidence that the typhoid and probably other 
germs as well may remain latent, but yet potent for a variable period, 
or until rendered active by some exciting cause. In other words, that 
there may be established a commensal relationship between the host 
and the pathogenic organisms. Schiller” found typhoid bacilli able . 
to live and remain active on silk thread for one or two years. In 
Buschke’s** case the typhoid bacilli had retained their vitality and 
pyogenic properties for over seven years. Clinically, it has been fre- 
quently noted that muscular exertion and traumatism have apparently 
been the exciting cause of the bone lesion at a time when the patient 
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seemed to be quite recovered and in good health. This has been noted 
in typhoid spine os well as in other skeletal bones. 

Probably in the majority of cases the infection of the long bones 
is primarily in the medulla, spreading through the bone to the under 
surface of the periosteum. Small cavities form, sometimes filled with 
pus and sometimes with granular tissue. There may be a pocket in the 
medulla and another beneath the periosteum, the two connected by 
a narrow channel, forming Ghantemesse’s “Iwuton de chemise” or 
“shirt-stud abscess.” Sequestrum formation occurs, but only rarely 
in comparison with sequestrum formation in ordinary osteomyelitis 
from pyogenic organisms. In Battle’s* case perfect recovery without 
sequestrum occuried, although the periosteum had been separated all 
around from the shaft of the femur over its lower third. On the other 
hand, although, fortunately but rarely, a large sequestrum may form, 
as in Mears’^ case, when a sequestrum was removed, consisting of the 
greater {xirtion of the body or alveolar process of the upper jaw, with 
parts of the nasal, malar, and palatine processes, and the teeth as 
far forward as the canine. Keen suggests that blocking of a main 
trunk, or more likely a widespread vascular arrest in many smaller 
vessels, may be the cause of the extensive destruction both of the bone 
and the adjacent soft parts. 

Horsley* collected 48 cases of osteomyelitis of the ribs and costal 
cartilages. Sequestra were found in 3 of them. They were small 
and easily removed, but they demonstrate that Paget’s teaching that 
sequestrum formation did not occur in the ribs is not always true. In 
20 of Horsley’s cases more than one rib was involved. The fifth, 
sixth, seventh, and eighth were the ones more frequently affected. 
Forty were in women and seven in men, which is about the relative 
proportion in which the sexes suffer from typhoid bone disease in general. 
These patients were nearly all adults, the changes that occur with age, 
the vascularization, and the breaking of fibers in the intercellular sub- 
stance being suggested as the reason. The frequency of rib involve- 
ment may in part be due to their superficial position and to their being 
constantly pulled up and down by the muscles. 

The symptoms are those of a mild periostitis or osteomyelitis. Pain, 
tenderness, and swelling are present, with, as a rule, but little heat. 
Redness is a late symptom and generally indicates involvement of the 
overlying soft tissue. The constitutional symptoms are usually slight. 
If abscess forms in the soft tissue, fluctuation will be present. 

The prognosis is good. Frequently the symptoms gradually sub- 
side without abscess formation and without operation. They may 
recur at the same or another point, weeks or months later, and while 
the patient is in apparent good health. This recurrence and sub- 
sidence may be repeated several times. 

Treatment. — As soon as the nature of the lesion is recognized, the 
patient should rest, the part should, if possible, be elevated, and ice 
applied locally. 

It is highly probable that the treatment by passive hyperemia 
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may be found exceedingly useful. According to the location of the 
disease, this may be best accomplished by the Stauungsbinde or the 
Saugapparat of Bier and Klapp.”* This is hardly the place to discuss 
its modus operandi, but evidence of its efficiency in non-tuberculous 
as well as tuberculous disease of the bones, jointo, and soft tissues is 
steadily accumulating. Superficial abscesses should be punctured 
and the Saugapparat applied.** 

If the medulla of the long bones or ribs is involved, the bone should 
be trephined, the pus or granulation tissue removed with a sharp curet 
or chisel, and the cavity sterilised with pure carbolic acid, followed by 
alcohol or by a 1 per cent, solution of formalin. In favorable cases 
the cavity rapidly fills up. In others a sinus persists. In these latter 
cases it is altogether likely that the bacilli are widely diffused through 
the bone and had not all been removed. Here a resection of a larger 
portion of the bony walls will likely be successful. In the case of the 
ribs, costal cartilages, and sternum it is often necessary to resect a 
considerable portion. This must be done with care, as the underlying 
pleura is not likely to be much thickened and, therefore, is easily tom. 
The accident should not prove deleterious if a rigid technic is followed. 

The length of time that a sinus may persist — months, in some 
cases years, exposed to ail sorts of infection from dirty dressings or no 
dressings at all — and yet yield a pure culture of the typhoid bacillus 
is remarkable. 

Typhoid Spine. — McCrae" has advanced our knowledge by demon- 
strating, in 2 cases, the deposit of new bone and its exact seat. "In 
one it filled the intervertebral space between the second and third lumbar 
vertebne, apparently being deposited in the lateral ligament and 
forming bony union between the two vertebne. In the second the 
process extended from the second to the fifth vertebree, and appeared 
to involve both the lateral ligaments and part of the intervertebral 
disks.” 

It is more commonly observed in the lower dorsal and lumbar 
i-egions. These are the regions must dependent upon the muscles for 
support. They are the most movable parts, and the parts one would 
think most subject to strain, particularly toward the end of typhoid, 
when the muscular support is less than usual. Koenig** states that 
abscess and sequestruih formation may occur. Witzel has suggested 
that the back may be injured in the bathing of typhoid patients. 

Fluss” emphasizes the necessity of avoiding overexertion or a fall 
after typhoid and other acute infectious diseas^. In 6 of Lord’s 26 
cases mechanical strain preceded the onset; in 2 a fall; in 2 blacksmith- 
ing; in 1 stair-climbing, and in 1 twisting the spine while sawing. It 
is a rare complication. Fluss” collected 46 cases from literature and 
McGrae** adds 2. Pain is usually the principal symptom. It is generally 
referred to the lower dorsal or lumbar repon, and may radiate around 
the body and down the legs. The pmn in some cases is paroxysmal 
and occasionally of extreme severity, not easily influenced by morphin 
or other drugs. It is generally aggravated by any movement, and 
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the patient is in fear of being touched. Kuhn ascril)e8 the spinal 
symptoms to inflammatory edema of the spinal cord, and Lord" to 
periostitis and pressure upon the nerves. 

Fluss” found tenderness in 19 of his 46 cases, especially over the 
lower dorsal, lumbar, and sacral vertebrae. Paresthesia and anesthesia 
were present in 8 cases; the reflexes were altered in 11. Ankle-clonus 
was noted in 3 of Fluss’s” cases. 

McCrae’s* skiagraph suggests that the spinal symptoms may be 
due to the pressure of new bone or a communicated inflammation. 
The altered reflexes, the wasting, and the disturbance of sensation 
indicate that the nerves are involved either by pressure or contiguity. 
Tenderness on pressure is a valuable sign. The presence of Kemig’s 
sign has suggested the occurrence of pachymeningitis. Parat 3 rphoid 
infections are of a similar nature. The resemblance to arthritis defor- 
mans is apparent. The fever present indicates organic change. Prob- 
ably other tissues are involved, and it would seem fair to assume that 
the cartilages and the flbrous structures may take part in the inflam- 
matory process. In other cases spondylitic arthritis may be present, 
although typhoid infection of any joint is rare. 

In Neisser’s''"’ case an incision was made in the swelling of the right 
lumbar region, and a portion of muscle removed that showed marked 
degeneration with diminution of the nuclei, in part destruction of the 
sarcolemma, and vacuole formation. These changes were considered 
to be due to contiguity rather than to a secondary neuritis. The whole 
spine may be rendered rigid by muscular fixation. Scoliosis has been 
observed as present temporarily, and in some cases thought to be 
neurotic. Neurasthenia and hysteria, when present, are rather evi- 
dences of long-continued pain than of organic changes in the bones. 

The resemblance to arthritis deformans has already been referred 
to. It is not unlikely that similar changes may occur after other infec- 
tious diseases, such as typhus, scarlet fever, influenza, endocarditis, 
measles, rheumatism, gonorrhea, tonsillitis, and pyemia. The sub- 
sequent course and development depend upon the bacteriology of the 
infection, particularly whether pyogenic or non-pyogenic. 

Since Ponfick’s first communication- in 1893, evidence ^as been 
gradually accumulating that tends to establish his position as correct 
that nearly all the skeletal bones may be infected by the various acute 
infectious diseases. Witzel reports a series of cases in which an acute 
inflamma tion of the cervical Joints followed diphtheria and scarlet 
fever, and Gibney, one of the cervical vertebr® being involved in 
typhoid. 

When the infection is from the typhoid bacillus, recovery is the 
general rule. Only in some instances where mixed infection occurs 
is there abscess formation with destruction of tissue. 

The pain, the dread of movement, the tenderness to pressure, the 
fixity, and occasional deformity render the diagnosis clear in most cases. 
If these patients are asked to pick up anything from the floor, tl^ 
stoop as if suffering from Pott’s disease, biding their knees and hips 
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and climbing up and down on their legs. Kyphosis, if present, would 
confirm the diagnosis. Deformity was present in 8 of Lord’s’” cases. 

Treatment. — Rest in bed is important and may be necessary fur 
a period of several months. In fact, rest in bed is the main reliance 
in the treatment. In severe coses, where the pain is not relieved by 
rest, immobilization is indicated. A leather corset may greatly increase 
the patient’s comfort and contribute to recovery. Some have applied 
the cautery and antiphlogistic remedies. An ice-coil applied to the back 
is often soothing, and at the onset may be of value as an inhibitive 
remedy. In severe cases the treatment should be as active as for 
tuberculous spondylitis. 

Schanz recommends placing the spine in a lordosis position as much 
as possible, as this relieves the pain. Newcome applied extension 
with an 8-pound weight for a month. Quincke also applied extension 
in one case, with improvement in six months. Franke emphasizes 
the necessity of extreme caution in the handling of all affections of 
the bones and joints after influenza and other infectious diseases. Irri- 
tation of the mildest form is likely to aggravate the condition. Mer- 
curials are indicated if there is any suspicion of lues. Spondylitis 
typhosa would seem never to end in pus formation, even though accom- 
panied by high fever and deformity (kyphosis). The entire arch of 
the fourth thoracic vertebra was found decayed. During convales- 
cence massage is of service. These patients should be encouraged, 
as although the condition is tedious, lasting from two weeks to 
thirteen months, yet complete recovery is nearly always assured. It 
is probably safer to treat cases of pennstent lumbago occurring after 
typhoid as typhoid spine. 

Epidural Typhoid Abscess. — Intimately associated with the 
subject of typhoid spine is the following unusual as well as interesting 
case of abscess formation in the fatty and cellular tissue in the epidural 
space, reported by Raymond and Sicard." A man, aged forty-eight, 
suffered from typhoid in January, 1905. In the following March, while 
still in the convalescent stage, he complained of severe pain in the right 
hypochondrium, right iliac fossa, and right leg. The iliac fossa seemed 
swollen and puffy. Motor and sensory paralysis gradually developed 
in the right leg and on the opposite side. In May, two and one-half 
months after the onset of the paralysis, there was almost complete 
paraplegia, accompanied by paroxysms of intense pain. Muscular 
atrophy was present, and the reaction of degeneration in the quadri- 
ceps and adductors of the right thigh. The area supplied by the crural 
nerve was sometimes hyperesthetic and sometimes hypo-esthetic. 
The sphincter, patellar, and Achilles tendon reflexes were absent. There 
was no clonus and no Babinski. The temperature varied between 
98° and 101.5° F. Raymond and Guillain had published a case of 
ascending neuritis of the lumbar plexus after appendicitis, and the 
puffiness and the swelling in the right iliac fossa suggested the idea that 
this was a case pf extension of infection from an appendicular focus — 
the metatyphoid of Dieulafoy. It was decided, however, to make an 
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exploratory lumbar puncture. To their great surprise, as soon as 
the needle penetrated the ligament between the third and fourth 
lumbar vertebrse and entered the epidural space, pus began to flow. 
On examination, it was found to contain typhoid bacilli. On the fol- 
lowing day laminectomy was performed, the arches of the third and 
fourth lumbar vertebrae being removed. Half a spoonful of pus mixed 
with blood was obtained, and a drain left in position. The bones, so 
far as could be determined, were unaffected. By means of a Pravas 
syringe a little cerebrospinal fluid was removed which was clear and 
devoid of cells. The symptoms gradually disappeared and the patient 
made a good recovery. 

Typhoid Affections of the Joints. — The joints are not involved 
in typhoid with anything like the frequency with which the bones are 
affected. Keen found only 84 cases reported during a period of fifty 
years. Of the 84 cases, the lower extremities were affected in 70, 
the upper in only 17, 7 of the cases involving a joint in both. Sur- 
prising as it may be, spontaneous dislocation occurred in 43 of the 84 
cases: 40 times in the hip, twice in the shoulder, and once in the knee. 
Almost all of the patients have been under twenty years of age. Hare 
instances of pyemic joints have been reported as occurring in typhoid. 
Much more common is the involvement of several joints, particularly 
the smaller ones, and generally regarded as rheumatic in character, 
whatever that may mean. 

Interest centers largely in the monarticular form, the larger joints, 
particularly the hips, shouldera, elbows, and knees, being affected. 
There is not very uncommonly a moderate effusion, which, as a rule, 
disappears as unobtrusively as it came. In other instances the effusion 
increases in amount, the ligaments become stretched, and conditions 
favoring an easy dislocation obtain. The hip-joint has been dislocated 
oftener than any other. The strong unyielding Y-ligament holds 
firmly in front, and the head becomes displaced on the dorsum of the 
ileum. A poor girl was admitted to my own service, in the Montreal 
Generfd Hospital some years ago, before the x-ray apparatus was avail- 
able for diagnosis, with the right hip dislocated on the dorsum of the 
ileum, the left hip and both knees being at the same time firmly anky- 
losed. She had just recovered from a very severe form of enteric fever, 
and bore the scar of a huge bed-sore over the sacrum, an accompani- 
ment of dislocation, by the way, not uncommon. In all cases in which 
suppuration occurs there is, in all probability, a mixed infection. 

Achard et Bensaude^' found the paracolon or paratyphoid bacillus 
in the pus removed from a suppurating sternoclavicular Joint of an 
infant. 

The possibility of serious joint trouble in typhoid patients, par- 
ticularly in those under twenty, demands that more than cursory heed be 
given to all complaints of pain in or about the articulations. The in- 
flammatory effusion can often be controlled by appropriate local treat- 
ment, wd displacements prevented by securing and maintaining proper 
positions and preventing contractions that predispose to dislocation. 



1118 


THE SUBOERT OF THE INFECTIOUS DISEASES. 


Typhoid Larynx. — According to Landgraf, laryngeal complications 
cause 11 per cent, of the mortality of enteric. Typhoid lesions of the 
larynx have special characteristics in regard to their seat, form, and 
course that are so typical that they form a separate class deservedly 
considered typhoidal. 

In 1894 Schultz demonstrated the presence of typhoid bacilli in 
sections and cultures from swollen lymphoid nodules in the larynx. 
There may be a submucous laryngitis in which the deeper tissues are 
involved, or an ulcerative laryngitis or a perichondritis. According to 
Keen and Liining, perichondritis followed by necrosis of the cartilages 
is the most common form of laryngeal disease in typhoid, the cricoid 
and next to it the arytenoid cartilage being most frequently involved. 
Ulcerations are common, but Keen thinks that perichondritis causes 
necrosis more frequently than ulceration. True typhoid ulcers are 
excavated with infiltrated areas around them, and ore accompanied 
by important tissue changes. The non-typhoid ulcers resulting from 
other pyococci are superficial, only slightly undermined, without sur- 
rounding infiltration or damage to neighboring tissues. Typhoid 
ulcers show a marked predilection for the posterior laryngeal surfaces. 
They occupy the adenoid areas normally present in the larynx. The 
epiglottis is sometimes involved. The paralysis sometimes present 
may be due either to a peripheral neuritis or to pressure of enlarged 
lymphatic glands bn the recurrent laryngeal nerve. Most cases are a 
distinct typhoid infection. Hoarseness and change in breathing direct 
attention to the larynx. 

Treatment. — Steam, alone or medicated, gives relief in mild cases. 
If stenosis is present, the obstructive dyspnea may demand more radical 
treatment. Intubation has proved worse than useless. By common 
consent tracheotomy is the operation indicated. Of 26 cases, 10 re- 
covered, and of these, 9 recovered after operation. Of 16 fatal cases, 
only 4 were operated upon. Of 60 coses recovering after typhoid 
perichondritis, 11 dispensed with the cannula in from seven months 
to six years; the others wore the cannula permanently. The treat- 
ment of post-typhoid cicatricial steno^ is unsatisfactory. 

Sexual Organs. — Among the rarer complications of enteric fever 
are affections of the sexual organs in both the male and female. 

Urethritis in the male has been observed in a few cases. It usually 
appeared during convalescence, and after continuing from one to three 
weeks, subsided spontaneously without treatment. The discharge 
was attended by painful micturition, which, in a case quoted by Keen, 
became bloody and was attended by symptoms of cystitis. Bacterio- 
Ibgically the discharge contained micrococci, especially the staphylo- 
coccus pyogenes aureus, but no typhoid bacilli and no gonococci. 

More frequently orchitis and epididymitis have been observed. 
Wescott collected 32 cases. Orchitis was observed in only 4 of the series 
of 1500 cases analyzed by McCrae.^*- It usually appears late in the 
disease or during convalescence, and its onset is often accompanied 
by elevation of temperature and sometimes a chill. It is accompanied 
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by severe pain, the testicle being generally involved before the epididy- 
mis. The primary involvement of the testis is evidence in favor of 
a hematogenous infection. 

In women ulcers sometimes appear on the posterior vaginal wall, 
destroy the septum, and produce a rectovaginal fistula. In Keen’s 
case both a rectovaginal and vesicovaginal fistula were present. They 
resisted all attempts at closure. The urethra was finally removed, 
the vaginal outlet closed, and the urine and menstrual flow allowed 
to pass through the rectovaginal opening into the rectum. For at least 
twenty-two years afterward she was wonderfully well, able to earn her 
living as a nurse, and to mingle with people without being a source of 
annoyance. 

Typhoid bacilli have been found in abscesses about the vagina, 
in ovarian abscesses, in dermoid cysts, and in peri-uterine hematoceles. 

Gangrene may occur about the vagina or vulva in women, and 
has been followed by complete vaginal occlusion and retention of the 
menstrual blood. Gangrene about the anus or perineum may occur 
in either sex. The semiconscious state continuing for days, in a greatly 
reduced patient, together with the unavoidable soiling of the parts, 
certainly predispose to infection and gangrene unless the nursing is 
efficient. 

A diagnosis of cystitis is made not infrequently. True cystitis 
in either sex is a rare complication, and when present, may be due to 
the colon bacillus, staphylococci, or typhoid bacilli. If the latter, 
the course is usually comparatively mild. When long persistent, the 
bladder mucous membrane may be thickened, and ulcers have been 
observed. Hemorrhages beneath the mucous membrane occur not 
infrequently. 

Abscess of the prostate was observed at autopsy in one of the Johns 
Hopkins cases. The bacillus proteus was found in the pus. 

GANGRENE FOLLOWING INFECTIOUS DISEASES. 

Gangrene as a complication of typhoid resembles in nearly all 
particulars that associated with acute infection and the infectious 
diseases, including cholera, scarlet fever, measles, chicken-pox, malaria, 
diphtheria, influenza, pneumonia, erysipelas, rheumatism, etc. In 
more than one-half of the cases the lower extremities are involved. 
In females the genitals are frequently affected. The nose and other 
parts of the face, occasionally the ears and the onus, have suffered. 

Pressure is undoubtedly the chief cause of the decubitus sores 
and gangrenous areas observed over the sacrum and about the ears and 
the heels. The female genitals and the scrotum are exposed to more 
or less moisture and decomposed secretions when personal hygiene 
is neglected. 

Gangrene of the extremities is probably in nearly if not all cases 
due to a lessened blood-supifly. The facility and readiness with which 
decubitus sores develop after complete transverse lesion of the spinal 
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cord demonstrate the importance of a normal nerve-supply, but so far 
no cases of gangrene from this cause seem to have been reported, even 
among the cases of typhoid spine. It is not by any means confined to 
those suffering from arteriosclerosis or heart disease. 

Barraud*’* thinks that arteriosclerosis plays a minor part as an 
etiologic factor. Bacteriology has demonstrated the presence of the 
germs in the blood and walls of the blood-vessels. The thrombi would 
seem to be the direct result of injuries to the vessels by infection during 
convalescence after acute infectious diseases, and the thrombi to be 
autochthonous. Marked inflammatory changes may be present in all 
the coats. The prognosis is undoubtedly better in those in whom there 
was no preceding arteriosclerosis. 

Arterial thrombosis greatly exceeds the venous in frequency. In 
Barraud’s series there were 62 of arterial thrombosis with or without 
venous, and only 4 of purely venous thrombosis. Of the 62 cases, 1 1 
had changes in the heart in the form of endocarditis or parietal 
thrombosis 

Among predisposing causes may be mentioned lowered vitality 
of the tissues, a weak heart action, chronic nephritis, and diabetes. 
It is thought that many cases of spontaneous gangrene take origin 
in acute arthritis. The arteries most frequently involved are the pop- 
liteal, femoral, the aorta and its branches, and the iliacs. Embolic 
gangrene' is more common in the late stages of pneumonia, consti- 
tuting 40 per cent., and still more in acute rheumatism—^ per cent. 
In typhoid 7 f>er cent, are embolic, in the puerperium 11 per cent., and 
in the acute infections 10 per cent. 

There is nothing distinctive in the symptomatology of the gangrene 
due to the infectious diseases. 

Generally a line of demarcation forms, but sometimes the spreading 
is so continuous that if amputation is done at all, it must be before 
demarcation is distinct. 

The mortality is exceedingly high. In Barraud’s series, which 
included cases occurring in pre-antiseptic days, it was in typhoid 47 
per cent., in the puerperium 44 per cent., in typhus 70 per cent., in 
rheumatism 80 per cent., in scarlet fever and pneumonia each 40 per 
cent., and in measles 33i per cent. Among 45 recoveries were 86 
amputations, 3 of them being spontaneous, and among 48 deaths were 
16 amputations. While waiting, the extremity should be elevated 
and sepsis prevented as much as possible. 

De Quervain recommends the local application of alcohol and 
formalin. If the sepsis increases and the gangrene spreads rapidly, 
amputation through sound tissue may offer the only chance of recovery. 

SURGICAL DISEASES CAUSED BY THE PNEUMOCOCCUS. 
Emi^eiiia.— (See Vol. III., p. 530.) 

Absc^ and Qaiq;rene of the Lung.^ — ^The surgical conditions 
associated with pneumonia may be regarded rather as rare sequels 



SURGICAL DISEASES CAUSED BY THE PNEUMOCOCCUS. 1121 


than as complications. Abscess and gangrenCi though commonly con- 
sequent upon pneumonia, may depend upon other causes as well. Of 
11 cases of gangrene in the Montreal General Hospital, 9 had a probable 
history of pneumonia; in the other 2 no satisfactory cause could be 
assigned. These cases are often late in coming to the surgeon — from 
the third to the tenth week — because of the desire to ^ve methods 
other than surreal a fair trial, and because of the difficulty of localiza- 
tion. In a majority of our Montreal cases elastic tissue has been found 
in the sputum. 

Treatment. — ^The treatment by aspiration and the injection of 
phenol or sublimate solutions has not proved successful (Mosler and 
Koch) . These lesions cannot be approached satisfactorily without resec- 
tion of one or two ribs, the second and third in front for lesions of the 
upper lobe, and the sixth, seventh, and eighth at the side and back 
for lesions of the middle and lower lobes. 

The question of the presence or absence of adhesion between the 
visceral and parietal layers of the pleura is an important one to be 
decided after the subperiosteal resection of one or two ribs. If the 
two pleural surfaces are not adherent, incision of the parietal pleura 
may be followed by an in-rush of air and a certain amount of collapse 
of the lung, depending, of course, upon its adhesion to the chest-wall 
at other points, and to its physical condition and capacity to contract. 
In addition, there is the obvious danger of an infective pleuritis and 
empyema if the abscess of the lung is opened before fusion of two layers 
of the pleura has occurred. It is often difficult to decide whether 
these adhesions are present or not. The needle test is not often decisive. 

In 87 per cent, of the cases (Quincke and Garr5) they are adherent. 
Sometimes evidence of adhesion is found in the thickening and inflam- 
matory infiltration of the subperiosteal tissues. If in doubt, it is better 
to do the operation in two stages. After the resection of one or two 
ribs, with a round curved needle, suture the two layers together around 
the space exposed, or, as recommended by some, excite an adhesive 
inflammation by the local application of chlorid of zinc or turpentine 
or by firmly packing the wound with iodoform gauze. Two or three 
days later an incision may be safely made. 

In urgent cases, should the lung recede and alarming dyspnea develop, 
if the lung can be caught by two or three pairs of forceps and brought 
out to the chest-wall, the breathing will become more tranquil (W. 
Muller). A row of sutures can then be passed around the opening and 
the abscess drained. Upon making an incision the in-rush of the air 
into the pleural cavity may be easily arrested by the finger and sub- 
sequent packing of the opening with gauze. 

When gangrenous foci are near the surface of the lung, the super- 
ficial layers may be exceedingly friable, and deeply placed sutures may 
be required to hold the lung in position. However, a collapse of one 
lung is not often of serious import, and if infection be avoided, the air 
is gradually absorbed and the lung reexpands. Of course, the other 
side should never be opened until the first is closed. 

voii. v—71 
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Superficial wounds of the lung seldom do harm and are quickly 
closed by blood-clots. On the other hand, deep wounds may injure 
important vessels and be followed by hemorrhage that can only be 
arrested by the application of ligatures. The opening of a large bron- 
chus is tometimes followed by extravasation of air, but in this case 
the opening can often be closed by catgut sutures. It is hardly neces- 
saiy to add that the opening in the chest-wall should not be allowed 
to dose until the wound in the lung is healed. The opening in the 
gangrenous focus or the abscess-cavity may be made with a director 
and then enlarged with a pair of forceps, or may be made with a thermo- 
cautery. Unless a considerable layer of lung tissue overlies the cavity, 
there need be little fear of troublesome hemorrhage. After the cavity 
is emptied, the opening should be enlarged sufficiently to permit the 
introduction of the finger, that the size of the cavity may be determined 
and its rdation to the diaphragm, the mediastinum, and, on the left 
side, to the pericardium; also the thickness of the wall, whether the 
opening made is at the upper or lower limit of the cavity, and whether 
the communication with the bronchus is at the top or at the bottom. 
In middle-lobe cases particularly a large bronchus may open into the 
upper part of the abscess-cavity, and the surgeon may find that his 
opening is also at the upper part. Drainage in this case is necessarily 
imperfect in the upright position, and, later on, a second and lower 
opening may be necessary before a cure is obtained. 

Another cause of delay has been observed, particularly in cases 
of bronchiectasis, viz., persistence of a sinus due to epitheliation having 
extended along the drainage tract to the surface, which must be 
destroyed, or the opening be sutured before the sinus can be oblit- 
erated. 

Garrft reports 400 cases of abscess, gangrene, and bronchiectasis 
treated surgically, with 300 recoveries, or a mortality of 25 per cent. 
The best results are obtained in abscess cases where the pus is not 
fetid, when a recovery of 87 per cent, was obtained. A larger mortality 
obtained in cases of gangrene, where 34 per cent, died, but even this 
is an exceedingly good result when compared with the 75 or 80- 
per cent, mortality under expectant treatment. The least favorable 
results seem to be obtained in bronchiectasis, which gives a mor- 
tality of 40 per cent. — ^the most favorable of these being those of 
saccular form, situated in the lower lobe. The walls and overlying 
pleura in these cases are sometimes exceedingly thick. Death in some 
cases is due to complications, such as a second focus of disease or to 
metastatic emboli in the brain. Subcutaneous emph3r8ema is a familiar 
condition. Emph}r8ema of the mediastinum is a possible accident, 
and w^ moderate in amount, may produce but few symptoms and 
pass u&otioed. In extreme cases there may be difficulty in breathing 
and swallowing. An effort may be made to control or remove the cause. 
The cardiac dulness may disappear and be replaced by a moist crackling 
synchronous with the apex-beat. 

Pneumococclc Pericarditis. — Another rare but most important 
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complication of pneumonia in which the surgeon may be asked to co- 
operate is seropericarditis and pyopericarditis. Puncture of the peri- 
cardium, first proposed by Riolan in 1646, only became an accepted 
operation in 18^. 

The best method of withdrawing fluid from the pericardium is 
still a matter of controversy. Schub used a trocar, and since that time 
paracentesis has been recognized, notwithstanding Trousseau’s effort 
to substitute incision. At any rate, we have learned that the heart 
is a very tolerant organ, that the pericardium permits of great dila- 
tation, and in pyopericarditis may be drained and irrigated with ease 
and safety. As much as 200, 300, 800, and 1000 grams of effusion 
have been found in the pericardium. In one case 1500 grams were 
removed at autopsy. 

In the majority of cases the heart floats free in the fluid. It is 
not yet definitely determined whether, in the absence of adhesions, 
the heart lies nearer the anterior or posterior wall of the pericardium. 
Of the four methods of approaching the pericardium, but two require seri- 
ous consideration. Trephining the sternum is seldom considered, and 
the same is true of approach from beneath the inferior border of the 
thoracic cage, starting from the xiphoid cartilage. Although puncture 
and incision must of necessity wound the pleura, yet, in the great majority 
of cases, if the diagnosis is correct, aspiration is a comparatively safe 
procedure, and if the effusion is serous, may be sufficient. If the effu- 
sion is purulent, incision and drainage are indicated. There is always 
the danger, however, of a mistaken diagnosis. 

The difficulty in differentiating between pyopericarditis associated 
with single or double pneumonia and cardiac dilatation with adherent 
pericardium is recognized by all. 

It is now proved that we need not fear to evacuate the fluid from 
the pericardium rapidly, and objections to incision based upon this 
argument no longer hold. In one case reported by Eiselsberg, after 
throe punctures at intervals of a few days evacuating each time about 
1 liter of pus, the fourth costal cartilage was resected and the peri- 
cardium incised. It still contained 2 liters of pus with large fibrinous 
clots. 

Again, by incision, the pleura is safe-guarded against infection. 
The pericardium need not be opened until the pleura is safely fused 
with it. Incision with resection of one or more costal cartilages may 
be performed under local anesthesia. The advantage of incision 
are safety against wound of the heart, greater protection of the pleura 
from infection, a more copiplete emptying of the pericardium, and the 
removal of fibrinous masses so common in pneumococcic infections, 
together with the opportunity to establish efficient drainage and use 
frequent irrigation. (For the technic of the operation see p. 31.) 

Peritonitis in Pneumonia.— The peritonitis occasionally asso- 
ciated with the onset and course of pneumonia may be a source of great 
perpl^ity to the physician, and his associate, the surgeon. It may 
be considered under three heads: 
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First, those symptoms sometimes present during the development 
of the pneumonia, and, in fact, constituting in themselves the chief 
objective and subjective signs in children and adults. The condition 
is often misleading, and on more than one occasion I have been sum- 
moned considerable distances to operate on such a case, diagnosed as 
appetrdicitis. 

It would seem that in these cases there is a simultaneous infection 
of the lung and peritoneum, the latter nearly always subsiding as the 
disease develops in the former. 

Whenever the onset of peritonitis is accompanied by rapid and 
catchy breathing, evidences of pneumonia should be carefully and 
repeatedly looked for. The physical signs of pneumonia may be 
found at the base, but not always. They are first observed in some 
cases in the mid-chest region, and without other evidence of the involve- 
ment of the diaphragmatic pleura. 

Second, peritonitis may occur during the course of pneumonia 
about the sixth day, or two or three weeks later, more especially if the 
convalescence is slow. The onset is not as sudden as in peritonitis 
from perforation. Both children and adults may be affected, the 
former more frequently. The irritative matter enters the peritoneal 
cavity from the thorax by way of the lymph-vessels of the diaphragm 
or by the blood-stream. 

In many cases the peritonitis remains or soon becomes localized, 
and ends in resolution and absorption of the infiammatory product. 
In these cases, however, adhesions, permanent in character, are not 
infrequently formed, and give rise to recurring colicky pain, and in 
some cases to symptoms of incomplete obstruction. In other cases 
localized abscess forms, with a tendency to develop anteriorly and open 
spontaneously near the navel. 

Third, at the end of a severe pneumonia, in some instances 
neglected, there occasionally develops a profound sepsis, sometimes 
associated with pyopericardium, and an abdominal condition that 
is much in evidence and is most misleading. There may be extreme 
distention, complete constipation, and frequent regurgitation from 
the stomach of a dark-brown fluid, together with a small pulse, clammy 
surface, dry tongue, and anxious expression of countenance. At the 
autopsy the peritoneum is found perfectly smooth and unaltered, the 
distention and constipation being due to paralysis the result of sepsis. 

Such cases are sometimes sent into the hospital as cases of obstruc- 
tion. The differential diagnosis can generally be made by the absence 
of tenderness and rigidity arid the presence of the associated conditions. 

Pneumococcic Peritonitis.— Ghurton did not find one single 
case of peritonitis in 806 cases of pneumonia, and this notwithstanding 
the fact that pneumococci are present in the blood in nearly all cases 
of pneumonia. Netter was regularly able to demonstrate the pneumo- 
coccus in cover-slip preparations from the peritoneum in patients dying 
from pneumonia. This observation has been confirmed by Flexner 
and others. 
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l^eumonia, however, is by no means the only source of pneumo- 
coccic peritonitis. The infection may come from the throat, from the 
middle ear, and from intermuscular abscess not connected with bone. 
Not seldom it is a primary infection and not secondary to any other 
local disease. 

The history of pneumococcic peritonitis began in 1885, when da 
Bozzolo" found numerous encapsulated cocci in the exudate from 
several serous cavities following nephritis. In the following year 
Cornil found pneumococci present in the peritoneal exudate after a 
case of pneumonia associated with double empyema and pyopericar- 
ditis. In 1903 von Bruns collected 57 cases of the disease in children 
and 15 in adults. In 1906 Annand and Bowen^® reported 91 cases of 
pneumococcic peritonitis in children below the age of fifteen years. In 
47 of these the peritoneal infection seemed to be primary and in 30 
secondary to a pneumococcic infection of some other part of the body. 
In 14 it was impossible to say whether the infection of the peritoneum 
was primary or secondary. 

Of the secondary cases, in 22, or 73 per cent., the primary lesion was 
in the lungs or pleura. Of the remaining 8, in 1 it was in the umbilicus; 
in 2, the throat; in 3, the middle ear, and in 2, intermuscular abscesses 
not connected with bone. In the primary cases the most likely source 
of infection seems to be the stomach and the intestinal canal. 

Benzancon and Griffon found that pneumococci, varying in numbers 
and virulence, were present in the intestinal canal in nearly every 
case of pneumonia. Undoubtedly, in the majority of cases, they are 
destroyed by the gastric juice, as shown by Weichselbaum and Flexner. 
Cushing and Livingood think the bile has an inhibitory influence on 
them. When, as a result of disease, malignant or other, the gastric 
juice loses its acidity, pneumococci are no longer destroyed. 

In 1891 Frankel reported a case of fibrinous pneumococcic peritoni- 
tis together with carcinoma of the stomach and omentum. Pneumo- 
cocci are usually found in greater numbers in the lower intestinal 
canal, and several cases of pneumococcic peritonitis arising from an 
inflamed appendix have been reported. 

In 11 of Jensen's^^ 20 cases the infection apparently came from 
the intestinal canal. In 2 out of 3 patients with perforated gastric 
ulcer pneumococci were found. 

Jensen*^ gave two young mice and two young rabbits 10 cm. of a 
highly virulent culture of pneumococci by the mouth. One rabbit had 
diarrhea, wasted, and died. A general fibrinopurulent peritonitis was 
found. The gut was injected, and although there was no ulceration, 
Peyer's patches were necrotic. Pneumococci were found in the wall 
of the gut and throughout the body. They have been found also in 
purulent echinococcus cysts, in the bile-pass«^, and in perinephritic 
abscesses. 

The greater frequency of pneumococcic peritonitis in girls than 
in boys. has suggested the entrance of the infection by the genital 
organs. Out of 68 cases reported by Jensen, there were 7 boys and 
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51 girls. This does not prove, however, that the infection really enters 
through the genital organs, as generally at autopsy they are found 
perfectly sound. In adults the condition is somewhat different, 24 
women and 16 men being affected. Pneumococci have seldom been 
found in pus-tubes, and would not seem to be normally present on the 
vulva or in the vagina or uterus. Cannon observed a pneumococcic 
peritonitis as a complication of cancer of the uterus and vagina. 
Another path is through the abdominal wall— as, for instance, during 
the operation for a radical cure for hernia. 

Pneumococcic peritonitis has been observed even in a child one 
month old. It is three times as frequent in children as in adults, 
and under fifteen years of age it is seven times as frequent in girls as in 
boys. In adult life the two sexes are affected equally. It seems to be 
more common in spring and autumn. 

The pus in pneumococcic infection is generally of a greenish-yellow 
color, frequently mixed with jelly-like masses, this last appearance 
being due to an intimate mixture of the purulent and fibrinous elements 
of the exudate. In cases in which post-mortem has been deferred for 
more than twenty-four hours the exudate may be evil smelling. A 
mixed infection may occur from the appendix or from gastric ulcer, but 
it is infrequent. When the process becomes localized in the pelvis or 
the hypogastrium, the limiting abscess-wall is unusually thick. When 
diffuse, it may cover every part of the peritoneum with a thick, fibrinous 
exudate. The strong tendency of the pneumococcus to form fibrin 
probably accounts for the frequency with which the inflammatory 
process becomes localized, hence the division of pneumococcic peritoni- 
tis into two classes -the circumscribed and the diffuse. Of 91 cases 
collected by Annand and Bowen,** 45 were encystetl. 

Jensen*' states that in 25 cases of encapsulated peritonitis per- 
foration of the umbilicus occurred in 7. Other cases have perforated 
through the vagina and one through the bladder. Perforation at 
other sites is rare. After spontaneous evacuation a cure may result, 
but more frequently drainage is required. 

Primary diffuse pneumococcic peritonitis is characterized by acute- 
ness of onset, severity of symptoms, rapid prostration of the patient, 
and in most cases early death. Of the 91 coses of Annand and Bowen,** 
21 were of the primary diffuse form and 19 of the secondary diffuse form. 
Pericarditis, when present, is always associated with pneumonia, bron- 
chopneumonia, or empyema. 

The diagnosis of pneumococcic peritonitis may often be made from 
the clinical history, the peculiarities of which are the severe constitution^ 
symptoms: apat%, weak heart, occasional dyspnea, dry tongue— the 
picture of some general infection. It has been most commonly mistaken 
for typhoid, but should be differentiated by the course of the temper- 
ature curve, the absence of rose-spots, the absence of enlarged spleen, 
and of the Widal reaction, and the appearance of peritoneal effusion, 
together with marked leukocytosis and polynuclear leukoc3rte8. Herpes 
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labialis, which is sometimes present, is very uncommon in typhoid. In 
children there is sometimes a close resemblance to appendicitis. 

The prognosis in the circumscribed form without complications 
and operated upon at the proper time is excellent. 

Treataent of Pneumococcic Peritonitis. — ^The difficulties of 
determining the nature of the condition before a bacteriologic exami- 
nation of the pus has been made are so great that treatment must be 
often undertaken before an exact diagnosis has been made. 

In the encapsulated form incision and drainage are imperative 
and sufficient, and should be done promptly. The greenish, non- 
odorous, fibrinous pus will demonstrate pretty clearly the character 
of the infection. 

In the diffuse form incision and drainage are equally imperative, 
and here again should be done without delay. If the pus is odorous, 
there is probably a mixed infection, perhaps with the colon bacilli, 
the source of which should be determined » if possible, and the treatment 
modified accordingly, as Indicated by Munro in the chapter on the 
Surgery of the Peritoneum (Vol. III., p. 773). 

Pneumococcic Arthritis. — Pneumococcic arthritis may be pri- 
mary or secondary to pneumonia, pneumococcic otitis media, a general 
pneumococcus septicemia, or to operations. It is a very rare compli- 
cation of pneumonia — 1 in 800 cases (Herrick^®), or I per cent., accord- 
ing to Rau. In 2 cases the joint affection preceded the commence- 
ment of the pneumonia by three and seven days respectively, and 
in 3 cases no pneumonia was ever present, the character of the joint 
trouble being demonstrated by finding pneumococci in the purulent 
joint effusion. 

On the other hand, as shown by Smirnon, arthritis occurring during 
the course of pneumonia may be due to other than pneumococcic infec- 
tion. In 5 out of 10 cases complicating pneumonia there were found 
such microorganisms as the typhoid bacilli, streptococci, and staphylo- 
cocci. The nature of the infection can then be determined only by 
bacteriologic examination of the joint effusion and the blood. Here 
again a difficulty may arise from a bacteriologic point of view, as the 
fluid is sometimes found to be sterile, in which case, as suggested by 
Widal, the cocci may have died out. In other cases the joint effusion 
is seconder}^ to toxins produced elsewhere in the body, or to a general 
pneumococcic septicemia, in which case the cerebrospinal fluid and 
blood contain pneumococci. The arthritis implies in most cases a 
bacteremia, although the exciting cause may be difficult to determine. 
Six of the 31 cases mentioned by Cave®^ were complicated by endocar- 
ditis, 6 by empyema, 6 by meningitis, 2 by pericarditis, and 1 by peri- 
tonitis. 

Hermann®' has shown experimentally that section of the sciatic 
nerve predisposes to the localization of staphylococci in the parts of 
a limb deprived of its innervation. The injection of a virulent culture 
of pneumococci into a joint is almost always followed by a suppurative 
arthritis. The subcutaneous injection after traumatism to the joints 
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or the injection of turpentine gives variable results, sometimes positive 
and sometimes negative. The intravenous injection after traumatism 
of the joint leads to arthritis more certainly than do subcutaneous 
injections. The incidence of arthritis would then, from clinical and 
experimental evidence, seem to be dependent upon some unusual vulner- 
ability of the joint or to an excessive supply of pneumococci or toxins. 

The larger joints are more frequently involved, and the upper 
extremity, particularly the shoulder-girdle. The knee, however is 
affected in a larger percentage of the cases than any other single joint. 

The changes in the joints depend upon the virulence of the infection, 
its duration, and the resisting power of the individual. In moderate 
cases there are present only redness and thickening of the synovial 
membrane. In others the cartilage is eroded; the bones may be involved 
with sequestrum formation, as well as the tendon-sheaths and muscles 
near the joint. In a case reported by Witt “ it was thought that there 
was a septic thrombosis in the arm, one of the rarest complications 
of pneumonia. Gabbi, Puritz, and Netter^ have reported cases in 
which there occurred a peri-articular infection with abscess, the joint 
proper not being involved. 

Gave,** who recorded the first case of pneumococcic arthritis in 
England, considered it essentially a disease of adult life. Among 31 
cases he found only 2 children, five and eight years of age. 

In 1906 Herzog** reported 25 cases and added 3 of his own, making 
28 cases occurring in children under two years of age, generally con- 
fined to one large joint, and Nattan-Larrier,** from the clinic of Dieula- 
foy, placed on record apparently the only case of pneumococcic arthritis 
in a newborn infant following an operation for hare-lip. 

In a few cases several joints have been affected. In 11 of Herzog's** 
28. cases there was no evidence of antecedent pulmonary affections. 
In 8 similar cases between the ages of two and Wrteen there were 5 
without antecedent pulmonary affection, but in 55 cases in adults there 
were only 4 without pulmonary lesions. The most common primary 
focus in children is the middle ear. In the fatal cases death is nearly 
always due to such complications as endocarditis, empyema, menin- 
gitis, pericarditis, peritonitis, and septicemia. 

The clinical features are somewhat characteristic. The temperature 
varies from 99“ to 104“ F. Even when there is considerable fever 
the child’s face is generally pale. Locally, there is well-marked swelling 
and edema, with increas^ heat, but, as a rule, no redness, and this is 
regarded as an important diagnostic feature between this and other 
forms of arthritis. In rare cases an abnormal mobility has been 
observed. The child may retain a fair appetite and sleep well. 

Prognosis. — Of the 52 cases reported by Herrick,*® 35 died, a mor- 
tality of 65 per cent., a small part of it only being due to disease of 
the joints. Of Herzog’s** 28 cases, 14 recovered and 11 died; in 3 there 
was no report. When there is no great destruction of tissue within 
and about the joint, functional recovery is generally good, with nearly 
a normal range of motion. - 
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The treatment is obviously surgical. Salicylates are useless. Rest, 
fixation, and ice may be applied at first and may be followed by recovery. 

When effusion into the joint occurs, it should be aspirated and 
examined bacteriologically. If several joints are affected, the fluid 
from each should be examined, as its character may vary in the different 
joints. In the case of a child reported by Dudgeon and Branson, the 
fluid from the elbow was a pale yellow sero-pus, from the knee a clear 
serum, and from an abscess in the neck a thick yellow pus. 

Sufficient has been said to confirm the statement of Thacker that 
the pneumococcus should be ranked with the virulent staphylococcus 
and streptococcus as a pyogenic germ.” 

By the facility with which it enters and circulates in the blood- 
stream it is enabled to reach all parts of the body, and we find it present 
in pure culture, and as the sole infective agent not only in the lungs, 
pleura, pericardium, and endocardium, but also in the bidder, kidneys, 
peritoneum, joints, bones, bile-passages, upper air-passages, middle ear, 
veins, and in numerous superficial and muscular abscesses. Osier states 
that the pneumococcus is the most common cause of sporadic meningitis. 

Pneumococci are widespread in the soil and dust, and Germano 
has demonstrated that, planted in neutral media, they may be found 
living after six months, and that they may retain their virulence even 
better when dry than when moist. 

THE SURGERY OF THE FUERPERIUR. 

Very considerable surgical interest attaches to the periods of gesta- 
tion and the puerperium. During gestation it is sometimes necessary 
to decide as to whether some operation may be undertaken, varying 
in severity from the extraction of a tooth to the trephining of a mas- 
toid, the removal of an inflamed vermiform appendix or a malignant 
neoplasm. In some cases operation would seem to be imperative— 
when, for instance, there is pus in the middle ear, in the brain, in 
the lungs, pericardium, gall-bladder, liver, or . kidneys. In other cases 
it is a matter of opinion or expediency, as in the presence of malignant 
disease in the breast or sarcomatous growth in one of the bones. In 
a general way it may be said that the earlier in the period of ^tation, 
the safer is the operation, and the less likelihood of gestation being inter- 
rupted. 

The essence of the question, however, as indicated by Fellner," 
would seem to depend largely upon the physical condition of the 
mother. If there is renal insufficiency, the slightest operation is likely 
to be followed by abortion. On the other hand, if the ph^ical con- 
dition of the mother is satisfactory, operations may be carried out on 
the external genitals or the cervix without interruption of pregnancy. 
•Again, the question of abortion depends, no doubt, somewhat upon 
the severity and mutilating character of. the operation. Prolonged 
anesthesia undoubtedly contributes to the occurrence of miscarriage. 

The percentage of cases in which pregnancy is interrupted in appen- 
dicitis is not greats when operated on than when not operated on, and 
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occura ia from 35 to 44 per cent, of the cases. When labor follows 
soon after the removal of the appendix, the prognosis is not so good. 
It is absolutely bad when the abscess is opened and drained without 
removal of the appendix. It is sometimes wise to empty the uterus 
before undertaking major operations. 

Pasteur and Doldris, in 1880, demonstrated that streptococci were 
the common cause of puerperal sepsis. Many observers have added 
their quota, and now we know that staphylococci, pneumococci, gono- 
cocci, colon bacilli, and the bacillus capsulatus oerogenes may also be 
the agents of infection. They spread by the lymph- and blood-vessels, 
rather than by continuity of surface, through the Fallopian tubes. 
The veins and lymphatics of the broad ligaments are especially involved. 

The operative treatment of puerperal infection has assumed a 
conspicuous place. The existence of infected Fallopian tubes has 
long been recognized. The surgical treatment of parametric abscesses 
and inflammatory exudates is established upon a practical basis. In 
puerperal peritonitis, incision and drainage are indicated without irriga- 
tion. 

Trendelenburg’s suggestion to resect or ligate the veins of the broad 
ligament is of doubtful value. Under favorable circumstances and 
when isolated suppurating mesenteric glands may be opened and wiped 
out. Hysterectomy should only be considered when the uterine walls 
are the 'seat of suppurating foci. Drainage should be instituted as 
early as possible. Drainage through the vagina, unless combined 
with laparotomy, does not offer an opportunity of searching for other 
foci. 

The use of Marmorek’s serum, introduced in 1895, has been given 
a most extensive trial. The exhaustive report of a committee of the 
American Gynecolopc Society in 1899 that, while harmless, it was 
of doubtful therapeutic value, has, in the main, been confirmed by many 
independent observers. Bumm and Rau, however, find it occasionally 
of vduo. It does not act directly upon the streptococci, but stimulates 
poikilocytosis. The induction of leukocytosis by the intraperitoneal 
injection of nucleic acid, as suggested by Mikulicz, or of nucleate of 
soda, as suggested by Hanner, would also seem to possess some merit. 

Not infrequently, the infection becomes localized on one, generally 
the left, or on both sides of the uterus. I have operated in 5 such 
cases; in 4, single abscesses were found on. the left side, within the 
tube or bounded by the tube, omentum, and knuckles of small intestine. 
In 1, abscesses were found, one on. each side. The date of operation 
was from the eleventh day to the tenth week after confinement. All 
but one recovered. The later the abscess develops, the better the 
prognosis. The fatal case was the one operated on the eleventh day. 

Puerperal Eclampsia. — Incision of the kidney capsule, or “cap- 
sulotomy,” may prove to be of great service in puerperal eclampsia 
associated with scanty or suppressed renal secretion. The idea origi- 
nated with Reginald Harrison.** It is quite in harmony with principles 
applied elsewhere, as, for instance, in glaucoma, where the relief of 
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tension arrests the degenerative changes and preserves the sight. By 
this means von Graefe converted an incurable affection into a curable 
one. There is a condition of renal hyperemia which may be termed 
renal glaucoma. Dickinson®* mentions one instance in which such 
extreme congestion and intracapsular tension occurred in nephritis 
that the kidneys burst through their capsules. 

Delafield mentions extravasations of blood in the Malpighian bodies, 
the tubes, and the renal tissue, and the presence of coagulated fibrin 
in the tubes. Pinard®® would commend nephrotomy in the treatment 
of anuria occurring in women suffering from eclamptic attacks, and 
notes that in Edebohls’ cases and in that of Chambrelent and Pousson 
it was decapsulation of the kidney in patients in whom there was sup- 
pression of urine, as well as eclampsia, that proved so successful. Many 
women, however, die of eclampsia without suppression of urine, and 
yet their kidneys may be more or less diseased. Pinard®* would not 
expect benefit from capsulotomy in such cases. 

Of course, both kidneys may be congested, but the relief of tension 
in the one kidney aids recovery in the other. 

Harrison®^ prefers to incise along the convex border, unless there 
are indications to the contrary. Congestion and extravasations of 
blood are not always uniformly distributed. Punctures may be made 
wherever the engorgement is greatest, avoiding always the pelvis. A 
drainage-tube should be loft in position for a few days. 

The Pyelonephritis of Pregnancy.— The etiologic relationship of 
pregnancy to pathologic changes in the ureters, pelvis of the kidney, 
and kidney is still debatable. On the one hand is the view held by 
Opitz,®^ who collected 84 cases from literature, that the pyelonephritis 
of pregnancy is the result of obstruction to the flow, due to pressure 
on the ureter plus infection through systemic channels or from the lower 
urinary passages, and, on the other hand, the view so clearly advocated 
by Reed,®® that it is an exaggeration of the kidney of pregnancy, which, 
in turn, is due to changes in the renal epithelium and parenchyma result- 
ing from the transudation or excretion of the toxins of pregnancy 
through the renal tissues plus bacterial infection, probably of vesical 
origin. In puerperal cases Vinay®® assumes the presence of crushing 
injuries and hyperemia during labor. 

The disease may develop as early as the fourth or fifth month, 
when pressure would seem improbable. Neither theory satisfactorily 
explains the predominance of the condition on the right side. Pyelo- 
nephrosis demands drainage, before or after the inception or comple- 
tion of gestation, according to the date of its recognition and the urgency 
of the symptoms. 

Catheterization of the ureters aids in the diagnosis. 

THE SURGERY OF VACCINATION AND VACCINIA. 

It would seem, theoretically, that the antiseptic treatment of wounds 
should preclude the possibility of the tetanus or other bacilli remaining 
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active in them. In the great majority of cases this is true. It is 
particularly true of tetanus when, in addition, an inhibitive quantity 
of antitetanic serum is given at the time of the first dressing. Never- 
theless, every year a number of cases develop after injuries from explo* 
sives, fireworks, toy pistols, etc. This is, for obvious reasons, especially 
important when following the minor operation of vaccination. How 
often the infection is contained in the vaccine lymph is uncertain. At 
the time of its supposed occurrence in some of the Atlantic cities, tetanus 
was observed as well in a number of children not recently vaccinated. 
It would seem to be unknown in Continental countries as a complica- 
tion of vaccination. 

In doing that little operation, the protective epithelium is removed, 
and an open door is left for the tetanus or any other bacterium to gain 
entrance. The same is true of all wounds, bums, etc. 

Cellulitis, adenitis, ulceration, localized vaccinal gangrene, erysipelas, 
septicemia, and pyemia may all be prevented by surgical cleanliness. 
Only those working among the poor in large cities and in the out- 
patient departments of large hospitals know how difficult it is success- 
fully to preach the gospel of cleanliness. The wonder is that, in spite 
of the care of the doctor and the use of shields, more pyogenic and 
other infections do not occur. The percentage of infection is, never- 
theless, infinitesimal, although not insignificant. In Germany there 
were only 113 deaths in 32,000,000 vaccinations, or 1 in 283,177, and 
46 of these were traceable to the carelessness of the patient — a small 
price to pay for the immunity conferred. 

In the treatment of vaccinal complications there is nothing special. 
At the very earliest appearance of symptoms of tetanus all the infil- 
trated tissue should be thoroughly excised, the wound soaked with 
peroxid of hydrogen for twenty minutes, and bathed with sublimate 
solution, 1 : 1000, followed by the same, 1 :3000, and antitetanic serum 
injected on the proximal side of the lesion. In Mixter’s case this technic 
was quite successful. 

THE SURGERY OF SCARLET FEVER. 

The complications of scarlet fever in which the advice and cofipeiv 
ation of the surgeon may be sought are numerous and important, often 
demanding the exercise of mature judgment, prompt decirion, and con- 
siderable resource. 

The same may be said of ulceration appearing on the tonsils. The 
ulcerative stomatitis, promptly recogniz^ and appropriately treated, 
can usually be brought under control. More difficult is the treatment 
of noma, which is more common when scarlet fever succeeds measles. 

The extensive adenitis and peri-adenitis seems to be inhibited some- 
what by the continuous application of an ice-bag. It is certainly 
soothing and grateful during the first forty-eight or seventy-two hours, 
when, if suppuration seems inevitable, it should be replaced by hot 
fomentations or a good thick hot linse^ poultice. When ptfs forms, 
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a small indsion and drainage are sufficient, especially when supplemented 
by the suction-cups of Bier. 

The joint affections, the so-called scarlatinal rheumatism, involving 
by preference the smaller joints and the upper extremity, are usually 
relieved by rest and cold or heat. Whenever effusion takes place, 
accompanied by increased temperature, the exploring needle should 
be used to demonstrate the character of the fluid, which should also 
be examined bacteriolo^cally. If purulent, no time should be lost 
in making one or two incisions, through which the pus may escape 
and the joint be irrigated. Caiger^® speaks highly of injecting, to the 
point of distention, a solution of carbolic acid 1 : 20. After it is allowed 
to escape, the openings are closed by gauze soaked in collodion and 
firm elastic pressure applied by means of alembroth wool and bandage, 
and the limb placed upon a splint. This treatment was entirely success- 
ful and . no re-collection of pus ensued. Gentle passive motion was 
allowed at the end of two or three weeks, and a sound joint was a 
result in all. The salicylates are useless. 

In regard to the acute nephritis occurring in scarlet fever, this much 
may be said, that if, in spite of the usual remedies, the urine lessens 
in quantity until a condition approaching anuria obtains, renal capsu- 
lotomy would be justifiable, logical, and advisable, barring contra^ 
indications. The hot-air or steam bath, dry or wet cupping, probably 
acts by relieving the blood-pressure in the renal vessels. Capsulotomy 
is certfunly a more direct and effective means of attaining this result, 
and while attended by obvious objections, should be given a free trial 
in cases that are going down and in which the freezing-point of the 
blood is low. In the anginose form, incision through the skin relieves 
tensions, provides drainage by oozing, and inhibits the formation of 
sloughs which, in separating, have caused fatal hemorrhages from large 
vessels. In some cases even the carotid has been opened. 

' IHE SURGERY OP RHEUHATISRL 

The investigations regarding the nature of rheumatism have been 
of more than passing interest to surgeons,' particularly the question 
of its resemblance to an attenuated pyemia. The sweats, the tempe^ 
ature curve, the involvement of serous membranes, and the anemia 
resemble an acute infection. 

Cole claims to have produced in rabbits, by injection of streptococci, 
articular and endocardial lesions similar to those found in rheumatism. 
Beattie could not confirm these experiments. On the contrary, he 
found that when he injected into rabbits the micrococcus obtained 
from a rheumatic fever patient, joint lesions and sometimes endo- 
carditis occurred, and the animals frequently recovered. When, how- 
ever, he injected pyogenic streptococci, the jomt lesions were suppura- 
tive, endocarditis rare, and the animals generally died. B^ttie’s” 
experiments would seem to harmonize with clinical observation and 
4 lemonstrate the specific nature of the infection in articular rheu- 
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rnatism. Undoubtedly, pyogenic organisms have been obtained from 
the joints in the severer type of articular rheumatism, but are they to 
be regarded as a normal accompaniment of the disease, a consist 
etiologic factor, or a complication? Instances of arthrectomy, lavage, 
and drainage, followed by amelioration of symptoms and cure, have 
been reported. This heroic treatment may well, for the present at 
least, be reserved for those intensely sesvere cases that do not yield to 
internal medicine. In such cases, when the effusion is found to con- 
tain staphylococci or streptococci, and is purulent, there should be no 
delay in evacuating the fluid and washing out and draining the joint. 
It should bo done, moreover, under the most rigid and perfect technic 
possible. 

The Bier treatment by hyperemia has been found useful, more 
especially in the acute forms. 

THE SURGERY OF HUMPS. 

Suppuration being rare in the epidemic parotitis known as mumps, 
the surgeon is seldom called upon to interfere. The metastatic involve- 
ment of the testes and ovaries, especially about the age of puberty, 
is well known. 

Hutchinson reports 2 cases in which traumatic orchitis was followed 
by mumps, and asks the question, “Do the parotid and testes, when 
inflamed, devdop elements which are mutually infective?” 

Parotitis occurs in a little less than 1 per cent, of cases, the infec- 
tion reaching the gland through the duct or in the blood-stream. It 
is thought to be less frequent since the importance of frequently cleans- 
ing the mouth has been generally recognized. In the suppurative cases 
the typhoid bacillus may be found in pure culture, or, as is more common, 
in association with the staphylococcus or streptococcus, or the latter 
two alone. Fortunately, suppuration is rare, but if threatening, early 
incision is advisable. In a few instances there has been extensive 
necrosis of the gland, with resulting disfigurement. The facial nerve 
may be paralyzed. 

Suppuration is usually, but not always, unilateral. It is attended 
by the usual symptoms, and must be regarded as a serious complication. 

The employment of passive hyperemia as a therapeutic agent and 
as a preventive measure against the occurrence of suppuration is cer- 
tainly worthy of consideration. When pus has formed, a small incision, 
followed by dry cupping, should prove efficient. A similar infection 
may occur in the submaxillary glands, but here it is of less serious 
import. 

THE SURGERY OV MEASLES. 

The chief interest to the surgeon in measles lies in its r61e as an 
etiologic factor in cancrum oris, noma, or gangrenous stomatitis. It 
would seem that catarrhal inflammation of the mucous membrane of 
the mouth, almost invariably present in the prodromal and early 
stages of measles, paved the way for secondary infections. No single 
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^rm is constantly present. Under favorable circumstances, and also 
in lowered conditions of the system alone, it would seem that more 
than one germ may be capable of producing gangrenous stomatitis. 
Among the more important and virulent are the streptococci, staphylo- 
cocci, and Elebs-Ldffler bacilli. 

Blumer and McFarlane believe the disease due to a thread-like 
organism of the leptothrix type, and would exclude the diphtheria 
bacilli as a cause or factor. Antitoxin has not proved to be of value 
in the treatment of the condition and is not indicated. Membranous 
laryngitis is a much-dreaded complication. It is generally due to 
streptococci, but the differentiation from diphtheritic laryngitis can 
be made only by bacteriologic examination. 

THE SURGERY OF DIPHTHERIA. 

The chief surgical interest is in the obstructive dyspnea. This, 
though usually due to stenosis of the larynx, is occasionally the result 
of extension of the disease to the pharynx, with the formation of a 
pharyngeal abscess, or into the trachea and larger bronchi. It is thus 
apparent that varied measures are needed to meet varied conditions. 
The relative efficiency of tracheotomy and intubation would seem to 
be fairly well determined. Each is particularly adapted to certmn 
conditions. In a general way it may be said that intubation, together 
with antitoxin serum treatment, is giving results hitherto unattained 
by any other method, yet, particularly in Germany, intubation has 
attained its present status only after a considerable and varied fluctu- 
ation of opinion in the estimate of its relative value. The lower level 
of the tracheotomy tube, the larger opening, and the greater facility 
afforded for the extraction of loose and detached portions of membrane 
are advantages not readily passed by, yet against these advantages 
must be placed the occasional ulceration of the anterior wall of the 
trachea from the pressure of thie lower end of the tube or the posterior 
wall from the pressure of the convexity of the tube, objections, however, 
which may be largely overcome by careful adaptation of the tube in size 
and form. The swelling around the lower end of the tube may in itself 
be obstructive, and the granulations springing from the decubitus 
ulcer may be sufficiently exuberant to obstruct the lower end. 

Koenig” mentions an instance of a child dying of hemorrhage from 
these granulations, the immediate cause being the reintroduction of 
the tube, after cleaning, by the parents. It must be admitted also 
that a very considerable .number of children have died from extrsr 
tracheal hemorrhage during the performance of the operation of tra- 
cheotomy. In addition to this, one must consider the phlegmonous 
processes that may arise from infection of the wound, the cartilage 
necrosis, and the fistulse which develop when the tube remains too 
long a time and the mucous membrane and skin unite. These com- 
plications must not be disregarded in forming a tomparative estimate 
of the value of tracheotomy. 
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One of the great advantagee of intubation hi itB freedom from the 
objeetionB of a cutting operation. For thia reaaon the conaent of the 
paientB ia much more readily obtained, and, therefore, it may be uaed 
brfore the general condition of the child has been materially impaired by 
the imperf^aOrathm of the blood. Very addomdoee any injury reeult 
from the inaertion or removal of the tube, aa in trache^my, but a 
decubitUB Bore occasionally develope, and more commonly on the anterior 
wall. In only rare inatancea is the intubation followed by necrosiB 
of cartilageB a^ stenoaia. In Germany intubation has now tto support 
of Bokai, Ranke, von Muralt, and Eroenlein. According to Itimke, 
41 per cent, of caaea of primary diphtheria of the larynx have recovered 
after intubation, aa against 32} per cent, after tracheotomy. The 
earlier use of the tube and ita employment in milder and lees extreme 
caaea may quite poaaibLy have contributed to the better reaulta obtained 
after ita use. The better reaultB from intubation have been largdy 
achieved since the introduction of the serum. In fact, it ia impoaaible 
to get a large aeries of caaea for comparison with tracheotomy before 
the introduction of serum as a therapeutic agent. It is quite dear 
that antidiphtheritieBerum and mtubadon together give better results 
than were ever obtained by tracheotomy and other forms of treatment, 
and it is also dear that intubation and serum together are giving better 
reaulta than tracheotomy and serum. Trump collcieted from 30 phyd- 
dans 5408 eases of intubation, witii 30 per cent, of cures before tiie 
serum period, and 81.08 per cent, of curea after the introduction of 
aerum in the treatments 
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Intubation m the treatment of pertuasu has. been employed, 
Saundera** in one case, and, it ia said, with Sattering results. 

IHB SUR^Y OP FUGUE. 

Plague presents many features of interest to the surgeon other than 
itB lo^ and anddit his^ of cQnquest and destruction. The demon- 
stration of the cause ..of the diseaae by Kitasato and Yersin in 1804 
must rank as one of the moat importot discoveries in bacteridogy. 
It sujnested that, in the bubonic variety at least, the diseaBe was com- 
municated by locd infection, and the enlargement of the nearest group 
d lymphatic i^ands, in the groin, axilla, or elsewhere, and the frequent 
mvdvement of the femoral group^ harmonised with this view. -Mardid” 
Boys that the point of entrance can frequently be detennined to have 
occuned through wounds, pricka, bites of insects, etc., usually on the 
fe^ legs, arms, and hands; that sometimeB small red spots mark the 
point d infection and become, aucoeadvely veddes and puatuhs; and, ' 
furthermore, that aaeries of vedclca may markthepassBgeoftheinfBc- 
tion along the lymphatic vesads. Neverthdess, removal .of the glands 
has not contribuM much to t^ p r o gr eas of recovery. The point of 
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infection can be found in only a minority of cases, and evidence of the 
spread of the infection along the lymphatics is more often conspicuous 
by its absence. It would seem that the disease may enter by a wound 
in some cases, but may also enter by the respiratory passages and by 
the food. In the bubonic form enlargement of the glands, as described 
by Cantlie, is sometimes accompanied by a marked edema of the 
adjacent tissue, over an area of five or six inches, the whole forming 
an elevated doughy mass. Over such masses hot poultices are grateful, 
and when suppuration occurs the pus, which contains bacilli, should 
be evacuated. This is often followed by a general improvement. The 
technic should be perfect, else a mixed infection may occur and a 
general septicemia. In other cases the overlying skin becomes red 
and finally gangrenous, breaking down and leaving a condition resem- 
bling a boil or a carbuncle. Here, as in other glandular infections, 
incision and drainage give better results than excision or incision and 
curettage, which often carries the infection to surrounding healthy 
tissue. The petechias, purpuric patches, and ecchymoses, the epis- 
taxis, the hematemesis, melena, and hematuria occasionally observed, 
are evidences of alterations in the quality and coagulability of the 
blood. Indeed, the French physicians in Egypt in 1835-36, when bleed- 
ing was customary, noted that the blood coagulated imperfectly and 
did not form the usual buffy coat. The success obtained by Yersin 
and others with the serum, both as a therapeutic and prophylactic 
agent, has been so great that all other remedies are relegated to the 
background. Wright and Windsor, using methods of high precision, 
have shown that normal human serum is devoid of bactericidal action 
on the Bacillus pestis. Papules may appear, starting as a red or brown 
spot, accompanied by a burning sensation. They sometimes enlarge, 
become indurated, and vesicles develop, which contain plague bacilli 
in numbers. When the vesicles are invaded by ordinary cutaneous 
microorganisms, the contents become pustular. Hunter^* regards these 
cutaneous eruptions ** as evidences of local growth of the Bacillus pestis, 
similar to that found in enteric fever where the typhoid rash is the 
result of focal multiplication of typhoid bacilli.” The vesicles and 
pustules are to be regarded rather as an evidence of the blood infec- 
tion and of the septicemic* nature of plague than as points of entry of 
the infection, although the latter may be the correct interpretation 
in some cases. The bubo, also, is more commonly an evidence of 
infection of the blood, occurring frequently in lymphatic glands not 
in direct connection with the area of the skin through which the in- 
fection is suppo^d to have occurred. Often it is the deep and not 
the superficial glands that are affected, as, for example, the iliac lym- 
phatics. The surgeon when operating on these cases should wear 
rubber gloves himself and insist upon his assistants and all the nurses 
associated with the case wearing them as a protection against in- 
fection. 
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THE SURGERY OF SCURVY (SCORBUTUS). 

That scurvy was the result of au infection was first suggested by 
Torup in 1877. Torup thought it came from the use of decomposed 
food, bad hygiene, and unsanitary surroundings — in other words, a 
form of ptomain poisoning. Babes” thinks it the result of a specific 
infection, and this view has many adherents. Babes succeeded in pro- 
ducing in rabbits many of the characteristic features of scurvy by 
injecting them with cultures taken from the gums of patients suffer- 
ing from the disease, and describes a bacillus which he believes to be 
the cause of scurvy. The experience obtained during the siege of 
Paris favored the infection theory, and Coplans observed, during the 
Boer War, that those camps that were kept in good s^taiy condition 
were comparatively free from scurvy, while it was prevalent in those 
camps where favorable hygienic conditions did not obttun, although 
the food-supply was the same. He has demonstrated the importance 
of the local treatment of the gingivitis. 

In the case of infants, in whom, about the age of eight or ten months, 
the disease sometimes occurs, the infectious origin is not so apparent, 
as in the absence of teeth the gums are but little, if at all, altered. 
Certain it is that in children, as in adults, a diet of fresh food and the 
organic salts of potash is followed by the happiest results. 

The . deep subcutaneous hemorrhages are tender, painful, pit on 
pressure, and the overlying skin is discolored. They may occur with- 
out trauma, a point to be remembered in medicolegal cases. Under 
rest and gentle massage they usually disappear. 

Thick-bordered ulcers sometimes result from slight trauma and may 
extend into vessels and give rise to serious hemorrhages. Gangrene 
of the lung, if localized, might be treated surgically. 

The joint condition in infants has been frequently mistaken for 
rheumatism — a disease rare under two years of age. Hemorrhages 
may occur into the joints, the pleura, or pericardium. 

The question of the lessened coagulability of the blood is perhaps 
not yet definitely settled. If it ever occurs, it does so but rarely. 

Hemorrhages occur beneath the periosteum, particularly of the 
femur and tibia; seldom beneath that of the bones of the arms. If 
near the epiphyseal line, they may be mistaken for osteomyelitis or 
epiphysitis. It should be differentiated from the latter by the absence 
of fever and by its diffuseness. It is usually absorbed under' constitu- 
tional treatment. Fractures of the femur and tibia sometimes occur in 
infants, and occasionally separation of the epiphysis. 

The essential treatment is dietetic and hygienic. 

Many of the surpeal complications of scurvy, influenza, small-pox, 
varicella, and whooping-cough, including arthritis, gangrene, abscess, 
and nephritis, have been referred to in speaking of similar conditions 
associated with typhoid, pneumonia, rheumatism, and pneumococcus 
infection, and but little more need he added. 
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THE SURGERY OF INFLUENZA. 

The influenza bacillus has a special aptitude for inducing thrombosis, 
both arterial and venous, as demonstrated by Flexner. Thrombosis 
is more common in epidemics and severe cases, and generally appears 
about the time of the .crisis. The femoral vein is more commonly 
affected. The condition is not serious, but, relatively speaking, is 
benign and of short duration. 

Small pulmonary abscesses sometimes occur. Several may unite 
and form one of some size. The pleura may become infected and an 
empyema develop. 

Pulmonary gangrene also occurs. It is recognized by the usual 
signs and the presence of elastic tissue in the sputum. 

Surgical treatment, when indicated, should be followed by favor- 
able results. One case of spondylitis following influenza and going on to 
suppuration has been reported. The entire arch of the fourth thoracic 
vertebra was found decayed (Fluss®^* 

THE SURGERY OF SMALL-POX. 

As might be expected, the numerous foci of suppuration in the 
later stage of the disease may give rise to boils and abscesses. The 
boils may arise from infection from the pustules or through the hair- 
follicles. Fortunately, deep abscesses are rare. When one remembers 
that the pustules usually contain streptococci, it is surprising that 
erysipelas is so seldom seen as a complication. 

There is occasionally a metastatic purulent inflammation of the 
joints, especially in children, and particularly of the elbow-joint. When 
it occurs drainage and antiseptics should be employed promptly. 

Thanks to modern nursing, bed-sores and gangrenous areas of skin 
are mostly matters of history. 

Councilman” reports that ‘*noma following acute parotitis was 
seen in 3 cases in the Boston epidemic.” 

THE SURGERY OF VARICELLA. 

The complications of varicella are often of more immediate interest 
to the dermatologist than to the surgeon. An ailment usually classed 
as ‘‘minor” may develop severe constitutional symptoms, high fever, 
septicemia, and pyemia. Varicella gangrenosa (Hutchinson’^ ; “der- 
matitis gangrenosa infantum”. (Crocker); ecthyma t^rSbrant is 
one of the most important of the cutaneous complications. Mr. 
Hutchinson states that it is not connected in any way with debility 
on the part of the patient, but rather with idiosyncrasy in reference 
to the specific poison. In extreme cases the whole body from the 
head to the foot has been covered with gangrenous areas. 

A similar condition may occur at the site of vaccination, in associa- 
tion with hydroa, miliaria, or any cutaneous lesion with abraded 
epithelium and open doors for infection to enter. It has been thought 
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by some that it occurred especially in children the subjects of rickets 
or tuberculosis. 

In other cases the infection may perforate the deep fascia, particu- 
larly about the scalp, beneath the occipitofrontalis aponeurosis. 
Staphylococci, streptococci, and pneumococci predominate. In the 
treatment one might consider the use of small incisions, followed by 
the Bier cups, and the opsonic treatment of Wright. 

Erysipelas has appeared in a few cases and proved fatal. 

In addition to the usual remedies, incision, suction-cups, and the 
opsonic treatment are indicated in suitable cases. No satisfactory 
explanation has been offered to explain the common exemption of the 
four extremities, the disease being confined to the face, head, and trunk. 


THE SURGERY OF DYSENTERY.-(See VoL IV., p. 1101.) 
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CHAPTER LXXXIII. 


THE USE OF THE ilT-RAY AND RADIUM IN SURGERY. 

By Eknkst Amosy Codman, M. D., 

BOSTUN. 


INTRODUCnON. 

In May, 1900, a committee of the American Surgical Association, 
after discussing the medicolegal relations of the x-ray, made the follow- 
ing statement: ‘‘The technicalities of its production, the manipulation 
of the apparatus, etc., are already in the bands of specialists, and with 
that subject also it has not seemed worth while to deal. But it is 
earnestly recommended that the surgeon should so familiarize himself 
with the appearance of skiagraphs, with their distortions, with the 
relative values of their shadows and outlines, as to be himself the judge 
of their teachings, and not to depend upon the interpretations of others, 
who may lack the wide experience with surgical injury and disease 
necessary for the correct reading of these pictures." To-day this 
recommendation is more than ever worthy of acceptance, and in the 
following chapter the writer has aimed to omit technicalities and, 
instead, to discuss only those accepted facts and general principles 
with which every student and practitioner of surgery should be familiar. 

The discovery of the x-ray was announced by Professor Rdntgcn 
in a paper before the Physico-medical Society at Wurzburg in December, 
1895. The rapidity with which the whole world took advantage of 
this new agent is a good illustration of the power of modem science. 
Within the next year it was the common property of the medical pro- 
fession, and was in practical use for diagnosis in every large city and 
in many of the smaller towns throughout the civilized world, and yet 
the year before a form of light which could penetrate opaque objects 
and never undergo refraction was absolutely unknown in nature and 
almost unthinkable philosophically. It seemed at first extraordinary 
that the x-ray should, easily traverse wood and that glass was relatively 
opaque to it. Now, however, so much does familiarity take away 
wonder, that the x-ray worker thinks it quite as remarkable that 
ordinary light manages to get through dense glass as that x-rays should 
penetrate wood. And, after all, is it not even more simple to imagine 
a light which penetrates any object and all objects in straight fines 
and is only checked in proportion to the dennty of the object, than 
to imagine a light which passes directly through some dense materials, 
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but which is twisted about, reflected and refracted by other materials 
in different degrees according to the texture and contour of the material 
and not according to density? 

Physical Experimentation Leading to the Discovery of the 
X-Ray.— As must always be the case in a truly scientific discovery, 
Kdntgen must share his glory with the workers in the same field who 
have prepared the way for him. In this instance the two essential 
factors for the production of the x-ray were two previous scientific 
inventions which < were practically unknown except in laboratories — 
the high-tension electric discharge and the vacuum bulb. A long series 
of electric experimentation had led to the production of a convenient 
form of apparatus known as the Ruhmkorff coil for producing a high- 
tension discharge. Such coils were to be found in every physical 
laboratory. Another series of experiments had led to the production 
of glass bulbs or tubes from which the air had been exhausted to vary- 
ing degrees of vacuum. These bulbs were used by physicists to demon- 
strate certain phenomena produced by the passage of high-tension 
currents of electricity through different gases in various degrees of 
rarefaction. Bulbs or tubes of this kind were also in every well-equipped 
laboratory and were not infrequently experimented with. Crookes 
(Of whose name these tubes have since been called) had shown that 
at a certain degree of vacuum the transmission of such a current through 
a tube containing two metal terminals which he called anode (+) and 
cathode (— }, was capable of exciting another discharge which radiated 
in all directions from the cathode. He made many most interesting 
observations on the character of this discharge, which came to l)e called 
cathode rays. Among other facts he showed that these rays proceeded 
in all directions from the surface of the cathode, and could, therefore, 
to a certain extent be focused by shaping the cathode like a concave 
reflector. When they were thus focus^, he demonstrated that, at the 
point of their impact on any object inside the tube or on the wall of 
the tube, their energy was transformed into heat and light. Shortly 
afterward Lenard, while repeating these experiments, showed that 
the effects of the cathode rays, or some closely allied rays generated 
by the excited tube, were capable of demonstration outside the tube. 
Lenard's experiments brought him to the verge of the discovery of the 
x-rays, but it remain^ for Kdntgen to observe that, besides beat and 
light, rays (which be called x — i. e., of unknown nature) were also 
generated. 


PHYSICAL PROPERTIES OF THE X-RAY. 

It is greatly to Rdntgen’s credit that his original announcement 
of his discovery was so thorough and his description of the physical 
properties of the rays so complete that other physicists have been able 
to add but little since. In brief, his experiments showed that, when a 
Crookes’ tube was excited, besides heat and light, certain rays were 
generated at the point of impact of the cathode ra3rs. The new rays 
were invisible, radiated in straight lines from their point of origin, and 





PLATE III. 



DiAORAif OF Crookes -8 Tubes Illustrating Anode, Cathode and Focus Point, 
AND the Paths of the Cathode Rays and e-Rayb. 

In the paths of the x-rays are shown a diapam of a fluoroscope with the pro- 
jection of the shadow of a hand and also a di^am of a plate in a plate-holder 
with the projection of the shadow of a hand: Red, focus point and paths of x- 
rays; blue, paths of cathode rays; yellow, barium platmocvanid screen with 
projection of bones of hand; green, fluorescence of glass excited by x-rays. 
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could not be reflected, refracted, or otherwise turned from their paths 
by the interposition of sheets of black cardboard, blocks of wood, thin 
layers of metal, or any other substance at his command, although their 
effect was diminished according to the amount and density of the 
substance interposed. Their existence was proved by the fact that 
they had the power of producing fluorescence of certain salts (in a dark 
room) and of producing changes in a photographic film similar to those 
produced by ordinary light. Among the salts in which fluorescence 
was produced, barium platinocyanid appeared to be the most sensitive, 
and a sheet of cardboard washed with this salt he used as an indicator 
of the presence of the rays. He found that dernse objects interposed 
between the tube and this cardboard cut off the rays behind them, 
thus leaving a portion of the barium platinocyanid, corresponding 
to the shape of the dense object, more or less unexcited to fluorescence. 
The effect produced would correspond to a shadow or silhouette of the 
object, since the part of the screen unprotected by the object would 
fluoresce in contrast to the protected part. This screen was the proto- 
type of the fluoroscope, which is merely a similar fluorescent screen 
inclosed in a convenient light-tight box. (Plato III.) 

Rontgen controlled and recorded his observations on the fluorescent 
screen by also using a photographic plate in its place. In a similar 
manner dense objects protected parts of the film from the action of 
the rays, and when the plate was developed, the silhouette of the object 
appeared contrasted to the parts of the film unprotected from the action 
of the rays. 

When, among other objects, he exposed the human hand, the 
developed plate naturally indicated the outlines of the bones, since, 
being more dense, they allowed less rays to pass than the fleshy tissues. 
This experiment was the beginning of the science of skiagraphy or radi- 
ography; x-ray pictures arc to day taken in essentially the same manner 
as described by Rontgen, except that increased experience in the making 
and management of the apparatus has made it possible to make these 
pictures with almost mathematic accuracy. The forms of apparatus 
which produce the high-tension current are now controlled so readily 
that the discharge is delivered to the tube with the greatest precision 
and speed. The tube itself is so constructed that the degree of its 
vacuum can be altered at will, and the cathode rays accurately 
focused at one small point, thus rendering the radiating lines of x-rays 
more exact and the shadows they cast sharper. The technic of making 
and developing the photographic plates used for this work has also 
greatly advanced. 

Notwithstanding all these improvements, however, the fundamental 
fact remains the same, that the x-rays cannot be reflected, refracted, 
or deviated in any manner from their course, and consequently cannot 
be focused, in the sense that ordinary light can, by lenses. The best 
that science can do is to make as small as possible the focus point from 
which they are generated. Practically, in the most perfect tube this 
point is now smiJl enough to give very definite outlines, but since this 
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point has some width, the detail is never absolutely accurate for objects 
at a little distance from the plate. 

In this chapter it is not thought advisable to describe the forms 
of apparatus in common use, since whatever their form, convenience, 
or price, they at best can only produce a radiation from a single point, 
which must give the same important advantages and disadvantages 
for surgical work. Indeed, the mere fact that the x-light always 
radiates from one small point in straight lines according to the abso- 



Fia. 604. — DiAciiiAM Explaining Causw of 
Poor Definition. 

A, Focus point on anode. B', B", and B"', 
objects. C', C", and O'", projcctiona of objects 
as th^y would app :ar on plates. It will be ob- 
served that the projection f>f B' is nearly the same 
sire as the nbj»c;t, and its outlines are rknr cut, 
whih C", C'", are sreatly enlarged, their outlines 
poorly defined, and their density diminished. 


lute laws of geometric projec- 
tion, makes its use really very 
simple when one once under- 
stands that a skiagraph is not 
a picture, but “a record of 
density, produced by the RSnt- 
gen rays, and made accord- 
ing to the laws of projection" 
■(Hickey). 

Thus, if he wishes, the sur- 
geon may leave to the skia- 
grupher the knowledge of the 
details of the arrangement of 
the whole apparatus up to the 
stage at which the x-rays radiate 
from one point, but beyond this 
he must understand thoroughly 
what may be expected from their 
use. The reader should care- 
fully study Plate IV., which 
shows a few of the common 
causes of x-ray distortion. Prac- 
tically, these distortions arc 
seldom exaggerated enough to 
be noticeable, but are always 
present to a certain degree. 

For convenience of expres- 
sion we say that the penetrar 
tion of the x-ray varies accord- 
ing to. the density of an object. 
This is not strictly true, for the 
opacity of an object to these 


rays varies according to atomic 
weight, not exactly according to density. Since, as a rule, dense objects 
have a heavy atomic weight, we find it more convenient to speak of 
density when we really mean atomic weight. In some cases this does 


not hold — for example, the density of a substance may vary according 
to its. ph}rsical state, whether hot or cold, solid, liquid, or gaseous, .but 
its atomic weight and its penetrability to the x-ray remain constant if 
its quantity and volume are constant. 
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It is also thought best in this chapter to disregard the difiference 
between what are called “soft” and “hard” x-rays. Under certain 
conditions the penetrating power of Rontgen rays varies greatly and 
consequently the projections which they cast also vary greatly in den- 
sity. Tubes which give x-rays of low penetrating power are called 
“soft/’ and tubes which give rays of a high penetrating power are 
called “hard/' 

CX)MPARISON OF SKIAGRAPH AND PHOTOGRAPH. 

Since a skiagraph is a record of the densities of the different ix)rtions 
of an object, it only in some cases i*eacmbles the picture of an object. 
Compare the skiagraph of the bones of the foot with the photograph 
(Figs. 505 and 506). 



Fio. 505.— Skiagraph ok Normal Foot. (Compiire with Fir. 506.) 


The photograph gives to the mind only the data which are reflected 
by the surface of the bones toward the eye; on the other hand, in the 
skiagraph we do not see the surface of the object at all, but certain 
details of its internal structure are seen. In the skiagraph the arching 
structure of the bony fibers of the os calcis resembles but is not a 
picture of a median section. In the photograph the surface shows 
roughnesses which are not visible at all in the skiagraph. The outlines 
are present in both pictures, but in the photograph those outlines which 
are overlapped are not visible, while in the skiagraph both overlapping 
and overlapped are often, but not always, seen. Compare the os calcis 
in the two jiictures — ^the outlines are about the same, but obseiwe the 
astragali and look at the superior outline— in the photograph it does 
not show. On the other hand, in the skiagraph the tip of the external 
malleolus does not show. 

It is from the fact that the outlines in the x-ray pictures are the same 
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as in ordinary pictures of the same bones that confusion has arisen, 
and that most people fail to understand skiagraphs.* As the outlines 
are the same, we expect them to bound surfaces or median sections 
instead of bounding charts of the whole bone. Look at Fig. 506 again, 
and notice the tibiotarsal joint. Why does it show in the skiagraph? 
Because the rays which pass through it meet less obstruction than 
those which pass above or below it. Those which are just above it 
meet the articular surface of the tibia, which, as it is more dense than 
the spongy tissue a^ve it, is registered as a dark line. In the same 



Fia. 506.— Fhotooraph op Normal Foot. (Compare with Fig. 605.) 


way the articular surface of the astragalus just below is registered* 
These outlines, of course, represent the bony outlines, and not those of 
the articular cartilages, which are transparent to the a;-rays. 

Z-RAY ANATOMY* 

The important conclusion to be drawn from these facts is that, to 
interpret skiagraphs correctly, we must be familiar with the interior 
anatomy of bones, as well as their surface appearances — at least, with 
so much of their interior as appears in the skiagraph. For instance, 
in the skiagraph of the os calcis which we have already taken, some por- 
tions will be observed to be lighter and some darker. The sustentaculum 
tali is represented by a more or less oval dark area, while just beneath 
it is a lighter one, representing a portion of the bone which gives less 
resistance to the rays. In the same way all the other bones have their 
more or less dense portions, and a knowledge of these portions is 

is for this reason that the stereoscooe and fluoroscopic spectacles” are 
unsatisfactory for s^ray work. The value of the stereoscope depends theoretically 
on the outlines bounding surfaces. This is never true in skiagraphs; jc-ray outlines 
also differ from ordinary outlines in point of perspective, for the nearer ones are 
the smaller and best denned. 
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essential to correct interpretation. Pathologic conditions character- 
ized by increase of bone will show darker shadows (i. e., in the print); 
those characterized by decrease or destruction of bone will show lighter 
shadows and obliteration of the finfer detdls. 

Fig. 507 illustrates a skiagraph of a number of denuded bones, reen- 
forcing the point that the outlines are like the photograph, but that 
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The Outline. — It is important to know the irregularities of normal 
outline, since certain diseases are characterized either by erosion or 
increase of surface bone. Occasionally the attachments of tendons are 
normally represented either by depressions or by prominences, per- 
haps by both. For instance, at the superior posterior angle of the 
os calcis we see a slight depression for the tendo Achillis, and at the 
tip of the olecranon we often find a little angle of bone projecting into 
the triceps tendon. It is not unusual in people of a strong muscular 
type to find the insertion of the larger tendons marked by these small 
osteophytes. The condition may be associated with osteo-arthritis, 
and the upward growth into the tendon be so great as to cause dis- 
ability. The attachment of ligaments may cause elevations or rough, 
irregular depressions which must not be confused with the erosions of 
disease. Attention to the outline of the articular surfaces is of especial 
impoitance, for here any slight departure from a uniform outline, 
especially in adults, is very strong evidence of disease. In a tuber- 
culous knee I was able to locate almost exactly the regions in which 
ulceration of the bone had occurred by the careful study of three 
skiagraphs made from different directions. The interpretation was 
recorded, and after excising the joint, the description was found correct 
in every particular. 

The Cortical Bone. — A comparison of the bones in Fig. 507 will 
show that in different bones, and in different regions in the same bone, 
the cortex varies to a great degree. In the lower extremity of the radius 
it is indistinguishable except as outline, but as we go up the shaft it 
increases rapidly in thickness, reaching a maximum a little over half- 
way up. It is of egg-shell thinness in the square bones and the upper 
extremity of the tibia, etc In certmn planes we may see the canals 
of the nutrient arteries. The importance of the study of the cortex 
will be illustrated in the diagnosis of hereditary syphilis. 

The Cancellous Structure and the Shape of the Bone.— Shape 
and structure should properly be studied together, for where there are 
ridges or elevations, as in the borders of the fibula or the sustentaculum 
tali, the whole mass of the bone is projected into one plane. In Fig. 
507, if we did not remember the irregular surfaces and borders of the 
fibula, the dark streaks in the upper part of the medullary canal might 
be mistaken for an increased amount of cancellous tissue in the in- 
terior of the bone. A more exaggerated example would be the olec- 
ranon fossa in the lower extremity of the humerus. If a skiagraph 
of the upper end of the tibia should present a similar light area, we 
might justly suspect an abscess-cavity. The amount of what might 
be called normal detml in the cancellous tissue is also important We 
expect to see the structure more plainly marked in the lower end of 
the radius than we do in the shah of the humerus. Any localized 
area where the detail does not show well, while that immediately 
about it does liot appear clear cut, suggests absorption of bone and 
disease; therefore, we must know where this condition normally exists 
(see the styloid of the radius io-Fig. 507). 



USB IN DETECTINa FOREION BODIES. 


1151 


The Medullary Canal. — Familiarity with the normal appearance 
of the medullary canal of the long bones is also important, as changes 
in its shape are found in certain diseases. 

The Epiphyseal Lines. — In studying an epiphyseal line, as in 
Fig. 508, we must bear in mind that the epiph 3 rseal cartilage itself does 
not show. We, therefore, have the adjoiipng sur- 


faces of two bones to study. If the skiagraph is 
taken at a slightly oblique angle, the appearance 
of the edge of these two surfaces will be like two 
irregular ellipses overlapping each other. 

I have several times seen these lines mistaken 
for fractures. Generally, though irregular in outline, 
the edge is well defined and clear cut. When affected 
by a pathologic process, as tuberculosis, however, 
the detail is lost and the erosions have a distinctive 
character. The appearance of the different stages 
of normal development of the centers of ossification 
of the epiphyses should also be studied. 

OONDmONS NECESSARY FOR CLEAR DETAILS 
IN SKIAGRAPHS. 

Before proceeding to the study of pathologic 
conditions, a few words may be said on the condi- 
tions necessary for obtaining definite skiagraphs. 
For fractures and foreign bodies a very poor skior 
graph is often as good as a clear one, but for the 
definition of diseased ureas in the bone,: accuracy is 
of far greater importance. Experienoe, formulates 
the following conditions to be observed in obtain- 
ing accurate detail: 

1. Keep the limb absolutely quiet in such a posi- 
tion that no muscular tension is required on the part 



Fltl. 6()K.— rKOJECTION 

PlLTUltli OK LpIPH- 
VHEAL. Lines or the 
Kaihus. 


of the patient. 

2. Place the tube as far away from the plate as is consistent with 
obtaining a full exposure in a reasonable time — e., usually two feet. 

t3. Place the patient or limb in such a position that the portion of 
bone suspected to be diseased shall be in the closest possible proximity 


to the plate. 

4. Use a tube with as small a focal point as can be obtained. 

5. Be sure that the plane of the plate is at right angles to the paths 
of the rays which strike its center. 


USE IN DETECTING FOREIGN BODIES. 

To surgeons who have recognized the limitations of Rdntgen pictures 
and have appreciated the fact that they are '^records of density made 
according to the laws of projection/’ the x-ray has been no disappoint- 
ment; to others, who have lacked a clear understanding of its physical 
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properties, it has often proved deceitful and misleading. Mistakes in 
regard to the location of foreign bodies have been especially common, 
and have been due to inaccuracy in the technic of making the skiagraphs 
or of interpreting them. The error has generally been on the part of the 
surgeon, who has perhaps been disappointed because large pieces of 
wood do not show or has failed to use the x-ray for bits of glass which 
make very clear projections. As a general rule, objects which at 
once «nk in water show well in contrast to the tissue; those that sink 
slowly or float only show if contrasted to surrounding tissues of greatly 
different density. Thus the lungs contrast with the diaphragm and 
heart, and coils of intestine distended with gas contrast with the other 
abdominal contents. Areas of consolidation show in the lung which 

would not show in the liver. 

To avoid errors of localization 
various devices have been recom- 
mended which permit the object 
to be located with mathematic 
precision. Most of these de- 
vices, however, are so compli- 
cated in their nature that they 
are seldom of practical value, but 
in especial instances, as in locat- 
ing bullets imbedded in the brain 
or foreign bodies in the interior 
of the eye, they may be of para- 
mount importance. Some ap- 
paratus of this kind has become 
absolutely necessary to the oph- 
thalmic surgeon. Perhaps the 
most practicable method is that 
recommended by Sweet, of Philar 
delphia. In ordinary surgery, in 
mpst instances, it suffices to care- 
fully study the relations of the 
foreign body and the bony land- 
one s’. “arks, as shown in two or more 

two commve tablets in a^ntion. skiagTsphs taken at as nearly 

right angles as possible. If the surgeon knows the relative positions of 
focus point, patient, and plate at the time the skiagraphs are taken, 
he should be able to locate the relation of the foreign body to the bony 
landmarks with sufficient accuracy. I have frequently been able to 
locate the plane of a bit of needle in the hand or foot with sufficient 
precision to cut down at right angles to it by an incision the width of 
a knife-blade and then with hemostatics to grasp it and force its end 
out through the skin. As a rule, it is better to plot out with the eye 
the relation of the foreign body to the bony landmarks which appear 
in the picture, than to attempt to locate it by the aid of metallic sub- 
stances attached to the skin. Any object attached to the skin may 



Fio. 500 .— jt-Rat or Tbrbb TBst-tubub. 
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change its relative position as regards the foreign body, since the position 
of the part or the I'etraction on the wound shift the soft parts about 
to a certain extent. 

In some portions of the body the anatomic conditions determine the 
position of the foreign body, e, gf., coins in the esophagus always lie in 
the sagittal plane, in the median line or to the left of it, when^as if they 
are in the air-passages, they will be found (probably in the right bmn- 
chus) to the right of the median line. If their axis lies diagonally to 
the vortical axis of the body, they are probably in the right bronchus 



Fia. 610 . — ^Reduced Skiagraph of Tack in Bronchi. 

The figure shows the position of a taok in the first primary division of the right bronchus, the 
point projecting about oiie-quarter inch into the right bronchus itself. I was able to reniove the 
tack by introducing a urethroscope througli a traclieotomy wound. 

itself; if their axis is transverse, they are probably in the first primary 
branch of the right bronchus. A nail which was in one of the lower 
left primary bronchi was seen to lie with its long axis vertical. 

RENAL AND X7RETERAL CALCULL 

One of the most important branches of skiagraphy is its use in the 
location of renal and ureteral calculi. It is in this branch of the work 
that excellence of technic is of the utmost importance. No surgeon 
should be satisfied with a skiagraph taken to determine the diagnosis 
of such calculi, unless its detail throughout is sufiBciently dear to show 
definitely the entire outline of the last rib, for even small stones have 
about the same density as the twelfth rib, and should show as easily as it. 
The ureteral and pelvic regions should strictly demand greater detail 
than the renal regions. Plates of these regions cannot be too clear, for 
errors in both the podtive and negative diagnosis are not infrequent. 

voi<. V— 73 
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In stout people clear pictures are sometimes almost impossible, and 
thus small calculi may escape detection. In others a heavy mass of 
dense inflammatory tissues about the diseased kidney may obscure 
the picture. On the other hand, positive shadows on the plate may 
be deceptive. The shadows of inspissated scybala, atheromatous 
arteries, phleboliths, calcified appendical concretions, caseous glands, 
and ossifications in the sacrosciatic ligaments may be mistaken for 
calculi. Shadows which do not lie in the known course of the ureters 
should give rise to suspicion. As a rule, it may bo said, however, that 
the x-ray expert seldom makes an error nowadays either in a positive 
or negative diagnosis. It is the duty of the surgeon, nevertheless, care- 





Fig. 511. — An jt-Rat and Photograph op Twenty>eight Calculi in the Uketeh. 

Removed by myself by the intravesical method. 

fully to study the plates and assure himself that they are definite in 
detail. Leonard, who has been a pioneer and leader in this branch of 
x-ray work, reports only nine known errors in 320 cases, but in a con- 
siderable percentage the subsequent history has not been obtained. 

Before taking skiagraphs for renal or ureteral stones, the bowels 
should be thoroughly evacuated. A positive diagnosis should be 
verified by a second plate, taken at a later date. The intensity of the 
shadows cast by calculi varies with the atomic weight of the salts of 
which the calculi are composed. 

Although the existence of vesical ecHcvili can ordinarily be readily 
determined by the cystoscope and by clinical methods, the x-ray is a 
great boon to the patient in these cases, for its use saves the pain of the 
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introduction of an instrument. Occasionally, encysted stones in the 
prostate or in diverticula of the bladder which escape detection by the 
cystoscope are shown in the skiagraph. 

Unfortunately, biliary calcvli, as a rule, are of about the same density 
as the soft parts, and hence do not show. Occasionally one contains 
enough lime salts to give a faint shadow, but this is not the case often 
enough to make attempts to detect them in this manner of much 
practical value. 

Calculi are exceptionally located in other glands, for instance, in the 
testicle, the ovaries, and the salivary glands. Caseous and calcified 
lymphatic nodes in any part of the body may show on the x-ray plate, 
since the salts of calcium are of iieavy atomic weight. 

In the knee-joint those loose bodies which contain lime salts (e. g,, 
chips from the articular surface known as “mice”) may be expected to 
show in the skiagraph, while those which are composed of fibrocartilage 
or fatty tissue (e, g.j loose semilunar cartilages and synovial villi) do 
not show, as a rule. To render the contrast between such structures 
and the surrounding parts greater, Iloffa has injected oxygen into the 
joint with a special apparatus. 

USE IN FRACTURE. 

The value of the x-ray in the diagnosis and treatment of fractures has 
been aptly expressed by Cotton: “The greatest direct service of the 
x-ray in my opinion has been that it has given us a clearer idea of the 
lesions in ordinary fractures, and has cleared up the pathology of various 
less usual fractures that previously were obscure.” Certainly it is 
true that surgeons of to-day, particularly of the youngei* generation, 
have a better idea of the pathology of most fractures than they did 
fifteen years ago. The ability to prove or disprove our clinical diag- 
noses by the skiagraph has brought greater skill in diagnosis. On the 
other hand, there is at present too great a tendency for the surgeon 
to become dependent on the x-ray for his diagnosis and his indications 
for treatment. The surgeon should not, in his desire to spare his 
patient, neglect to make his clinical examination as careful as possible 
without causing undue pain. On the other hand, after the x-ray has 
been taken, ^ he should not allow himself to be blinded to the clinical facts 
by the information it gives him. For instance, in fractures of both bones 
of the leg, if the general alignment of the bones is gocxl and the fractured 
ends fairly approximated, it is folly to endeavor to try to obtain end- 
to-end approximation instead of a slight overlapping. In fact, the x-ray 
itself is constantly showing us bones which, although overlapped at the 
time the fracture was ret) after a few years present only a dight jog in 
the contour of the bone at the point of fracture. Instances of the use of 
the x-ray in fractures are too numerous to mention here, and are given in 
the chapters devoted to these lesions. 

' One must not look for callus to show in the x-ray until lime salts are deposited 
in it, t. s.; until it begins to be **bony" callus. This process seldom bcjdns before 
the fourth week, and frequently not until many months have dapsed. Union may 
be firm and yet callus not appear in the skiagraph. 
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USE IN BONE-DISEASE. 

In the early years of the use of the x-ray its evident value in cases of 
foreign bodies and fractures drew attention; gradually it was found 
that it was capable of also giving us assistance in the diagnosis of dis- 
eases which affect the bones. At first we were greatly pleased that 
in certain cases we were able to differentiate in a (pven swollen limb 
between fracture and disease, but gradually it became apparent that 
certain x-ray appearances were more or less characteristic of certain 
diseases. As in fractures, constant use of the x-ray has lead to a better 
pathologic knowlgdge of bone-disease. We are able, by the skiagraph, 
to acquire readily and easily facts which in previous times were most 
difficult to obtain. Even by their scanty opportunity at operation 
and post-mortems, our predecessors accumulated for us a vast amount 
of knowledge as to how Afferent diseases affect the bones. Hy applying 
this knowledge as far as it concerns the inorganic portion (t. e., the por- 
tion composed of lime salts) of the bones we may, in a given instance, 
use the x-ray to great advantage. It shows us, for instance, that bone 
substance has been lost or gained, that such loss or gain is in the shaft 
or epiphysis or other portion of the bone. It further shows us whether 
this loss or gain has occurred in any especial form — whether it has 
occuired irregularly or homogeneously. In this way we may gain data 
which are of great value as aids in clinical diagnosis. Although it is 
thus a great help in telling us how the disease has affected the inorganic 
portion of the bone, we must realize that this is all it does tell us. We 
cannot expect it to tell us How the surface of the bone or its cross- 
section looks to the eye, any more than how it smells or how it feels. 
The x-ray may tell us that the lime salts in a given area have disappeared 
and have been replaced by tissue of less atomic weight, but it cannot 
tell us whether this tissue is sarcoma, chondroma, hypernephroma, 
myeloma, gumma, pus, or clear fluid. Nevertheless, if each one of 
these lesions has its characteristic way of attacking the bone and causes 
.its local destruction in a certain manner, we may infer with more or less 
certainty what are the contents of the space in which the lime salts 
have disappeared. As a matter of fact, experience has shown that 
these different lesions do affect the inorganic part of the bone in more 
or less typical ways. For instance, the effect of true medullary giant- 
cell sarcoma has a characteristic appearance in the x-ray, and although 
this appearance might be confused with that of benign bone-cyst or 
metastatic new-growth, it can readily be distinguished from the effect 
of periosteal sarcoma or of bone-abscess or gumma. As far as we know, 
metastatic hypernephroma and carcinoma attack the bone in a similar 
way to medullary sarcoma, but it is likely that increased experience 
will call attention to some essential point of difference which the skia- 
graph will register. A skiagraph properly taken is mathematically 
correct within a very small limit of error; it gives correct data for infer- 
ence, and it is our own fault if our deductions are incorrect. 

The following are certain pathologic facts concerning the usual 
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manner in which some of the commoner diseases affect the inorganic 
portions of bone, and which the skiagraph may be of assistance in deter- 



Fia. 512. — Eablt Tomob Albub, biiowino Denhitt ok Soft Pahth ant» Soiiaring op Kpipiitbib 

OP Tibia. 

mining. Exceptions to these rules occasionally occur, but in the vast 
majority of cases of bone-disease the x-ray will give the key to the diaguo- 



Fio. 513.— Aomra ToaaiicDLODa DiasAsa or Tibia. 

TBnal Joint ihowing peneU«d ootHnw of tniml bona. 

sis to the student who combines a fair knowledge of patholopc anatomy 
and the simple principles of skiagraphy. 
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Tuberculosis affecta tfie joint aurfaceSf short bones, or epiphyses, and only 
secondarily rum up the shaft Characterized by loss rather than increase of bone 
sidtstance. Sequestra and abscesses are small (smaller than-hazel nut) and poorly 
defined. Adjacent bones show atrophy. 



Fui. 514.--OLD Tuuercuia>kih ok Eluow, kuowino New Bone Formation /•nd a Fucuh with 
Well-ukkined Wallh in Ulna. 

in the early stages of tuberculosis in children the centers of ossification of the 
affected epiphyses are enlarged and rectangular insteaii of pyramidal. Trabecular 
fitructiirc cloudy and ill definetl. Foci not definitely marked off from surrounding 
spongy bone. Infiltrated soft parts are more dense than normal (Fig. o12). 

In active singes trabeculse ill defined, ('aseous detritus in surrounding tissue. 
Marked atrophy of surrounding bones (showing penciled outline in o^-ray). De8tru(>- 
tion imfy allow dislocation. Sequestra poorly dt^fined (Fig. ol>3). 



Fig. 515.— Caries Sicca ok Huhervs, showing Erosion about Anatomic Neck. 

In healing stage. Irregular compensatory new bone formation about disease. 
Dense and better defined walls about foci. Sequestra relatively clearly defined, 
often wedge shaped. 

In Caries Sicca. — Local erosion of bone at margins of articular cartilage where 
synovial membrane is reflected. Adjacent bones not so atrophic as in usual form. 
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Fig. 516. — Late Form or Congenital Byphilih, BiiowiNo Cortical TincKEXiNti, “Bone 
Bliktbr”. and **Baueh-hiiapri> Tibia/' 



Fig. 517.~Late Form of Congbnttal SrPRiLm. bhowing Juxta-bpiputheal Lobs of- Sub- 
stance AND Relative Shobtbning of Ulna. 
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Syphilis rardy affects joM or epiphysis^ but cortex of shaft. Characterized by 
increase rather than diminution of bone substance. Abscesses, if any, in cortex, not 
in medulla. Rardy, if ever, leads to sequestration. 



Fig. 518.--TtBRTiARY Acquired SyphiuS, riiowinu *' Furred" Appearance ov New-formed 
Cortical Done near Lower End of Humbruh. 


In the late form of hereditary syphilis it is rare to find other bones affected 
unless tibia are also. Extreme cases give saber-shaped” tibia, but when this 
condition is present, fibula also usually shows localized areas of cortical thickening. 
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There may be a ^^bone blister,” due to localized gummatous formation under the 
periosteum. Occasionally there is localized destruction of bone substance on the 
diaphyseal side of the epiphyseal line, but wlicn this is so there is also increase of 
cortical bone in some portions of the shaft. Interference with epiphyseal growth 
may cause relative shortening of ulna or radius. 

In tertiary forms of acquired syphilis the cortical enlargement is apt to be more 
irregular and is commonly toward the lower ends of the long bones just above the 
joints. The cortical bone is deposited by the periosteum irregularly, so that the 
outline in the x-ray has a furred appearance (in the dried specimen the surface is 
worm-eaten). Loss of bone substance except in the cortex is rare— i. e., (‘cntral 
gumma. 



Fia. 510.— Dried SPEriMEW op Osteomyk- Fio. 620.- Obtbomyewtih in Sponoy Bonk 
LITIS OP Radius, bhowino Lahoe Sb- at Lower End ok Tibia, I'ohmino a 

QDKSTRUM AND Involucrum. (Warreii . Large Bone- abscess’' with Dense 

Miirieiitn.) ^ALLS. 

Osteomyelitis due to staphylococcus and other pus-producing organisms 

affects dm-physis far more than epiphysis. In early slmjes does not affect inorganic 
constituents of the bone. Usually characterized by 1>oth increase and loss of bone sub-- 
stance. Sequestra large and dearly defined. Abscesses large and with dense walls in 
proportion to their age. 

During acute and painful stage there is no change in the inorganic bone, but 
when the infection has existed for a few weeks, there is solution of trabeculas where 
the spongy bone is affected, and deposits of new bone where the periosteum is 
lifted by pus and where the line of demarcation exists in the spongy bone. Old 
ebumat^ sequestra are veiy dense and lie embedded in granulation tissue or pus, 
which have very little density, and separate them from the involucrum. 

Sequestra are usually composed of the whole cortex or portions of the cortex, 
and preserve the same outline as the original shaft. They do not become dissolved 
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in the puS) as do the trabcculss in the spongy portion of the bone. In some old cases 
they arc even more dense than normal bone. 

Bone-abscesses due to infection of the spongy tissue become larger (e. «/., lurgei 
than hazel-nut) than tuberculous abscesses and have little density in their centers 
and increased density in the wall of healthy lK)nc which surrounds them. Such 
abscesses, when old, may be surrounded by a thick, dense, cburiiated wall. 

Old eases of septic osteitis sometimes present a bizarre appearance, due to 
solution of bone in some places and excessive deposit of lime salts in others. The 




Fio. 621. — Rons-abscesb of Many Yeabb' Fia. 522. — Typhoid Osteomyelitis of 
Duuation in Uppeu End of Tibia. Tun a, showino ‘*Done Hlisteh." 

Wall is 80 dense tliai cavity is barely sliown 

joints are rarely involved. Ac^acent parts of the bone are more often hypertrophic 
than atrophic. 

Typhoid osteomyelitis is usually subperiosteal, causes a localized cortical 
hypertrophy and a “bone blister" resembling syphilis, but without as much general 
cortical thickening in the neighborhood. 

. Chronic Arthritis. — The clinical divimon of the forms of chronic arthritis 
which have been called gouty and rheumatic has never been satisfactory. It seems 
likely that the aj-ray will help to bring about a more rational classification. From 
an x-ray point of view it is not difficult to divide these cases into three types which, 
to a certain extent, may also be distinguished clinically. 
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HypertrophiCi in which there i» new bone formation in the form of rims and 
spurs at the articular edges and well-markcnJ density in the bones. 

AtrophiCy in which the bones arc below normal in density, and the articular 
cartilage is atrophied so that the normal joint space is obliteratcHl. 

Tliese two types ans occasionally mixed. 

True gouty where tophi of little density occur and erosions of the sides of 
phalanges are present. 

In the non-BUppuratIve joint infections there is usually no change in (ho 
articular surfaces to be seen in the plate. In some cases, however, there is marked 
destruction of articular surfaces almost resembling tuberculo.sis. 




Fui. 523.- -Hypbutkophic Arthhitis of 
Thumb. 


Fio. 524.-' Athophic Akthhitib. 


Bone Atrophy.— The use of the x-ray has made obvious the fact that bone, 
like other tissues, shrinks and dwindle.s from disease and disuse. Ihe inorganic 
structure of the bones of an inactive old man differs almost as much as his muscular 
condition from that of a young man. The tnibecular spacing is more widely meshed 
and more clearly marked. In the atrophy consequent on clisea.se the reverse is the 
case, and the trabecular marking i.s less distinct. The penciled outlines of the 
bones adjacent to tuberculous disease has already been mentioned. Sudcck has 
called attention to an essential acute inflammatory bone atrophy. In this condition 
there is an absorption of lime salts. It is frequently seen in gonorrheal arthritis 
and in the bones adjacent to septic joints, and is probably the condition present in 
some cases of “infectious arthritis.” 
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Fig. 526 .— Rachitic Kneer, 


Rickets.— The long bones arc bowed and the cortex on the concave side 
thickened. The epiphyseal ends of the diaphyscs are broadened and frequently 
contain small irregular areas, filled wuth tissue of little density. The center of 
ossification of the epiphysis is small, and presents a smooth contour toward the 
joint and an irregular one toward the epiphyseal line. The epiphyseal cartilage 
itself is much thicker than normal, and its demarcation from the diaphysis very 
indefinite 
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Fio. 526 .— Chondhodtstkophia Fostaub. 


Chondrodystrophia Foatalis. — The bones of the limbs are shorter than normal^ 
but straight (except in infants). The epipliyseal ends of the long bones are sharply 
broadened (see rickets, in which the broadening is gradual). The epiphyseal line 
is abnormally narrow and the structure of the adjacent bone is normal. 
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Fig. 628 .— Ohtsitis Deformans of Femur. 


Osteitis defoxmans usually affects the long bones, which are frequently 
bowed. Characterized by great increase of width of cortex, but for its size the bone 
has often less density than normal and may appear laminated in the x-ray picture. 
Osteomalacia. — General and local loss of density, so that the medulla increases 
in width at the expense of the cortex. Cyst formation without dense wall. Some- 
times sharp angulation; fractures common. 
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Fia. 529 .— Multiple Chondral Exohtorer. Fig. 530 .- -Isolated Chondroma op 

Metacarpal. 


Multiple Chondral Exostoses.— Commonest near the epiphyseal lines, but 
may occur on shaft. Usually contain lime salts, particularly next to their capsule- 
Bases of tumors may displace true bone at point of origin, so that cortex is indented 
with cartilage. Outlines of tumors irregular, but smooth. Disturbance of growth 
at epiphyseal lines may lead to asymmetric growth of bones (manii radioflexa). 
Since cartilage has little density, it does not show in the skiagraph except when there 
is ossification in it, or by contrast, where it has displaced normal bone. Most chon- 
dromata contain a framework or core of bone and have islands of bone in their 
substance. 
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Fio. S31 . — Osteoma or FsMttn. (Kxostoms bunMita ) 

Osteomata vary greatly in shape and density aeeonling to the elinieal 
varieties of osteoma eburnonm, spongiosum, etc. Their structure bears the same 
relation to the x-rsiy as ortlinary bone. 



Pio. 532.— Medullary Sarcoma or Humerdb. Fio. 533.— Bonb-ctbt or Finobr. 

Medullary giant-cell Barcoma originates in the spongy tissues or medulla, 
and in its growth destroys the cortex from within outward. Encapsulated in a 
VOL. V— 74 
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thin shell of dense new bone. Fine trabcculse may pass through its substance from 
wall to wall of the capsule. Adjacent bone beyond capsule normal. Myeloma, 
metastatic hypernephroma, and carcinoma and simple bone>cyst affect the inorganic 
bone in much the same way and, therefore, may present similar appearances in 
the x-ray picture. 

Sarcoma of Bone Other than Medullary. — Remnants of the old shaft may 
be found in the center of the tumor. In some forms, e. g.^ in periosteal or ossifying 
sarcoma, the bone is stimulated to grow and there is a deposit of new spicules which 
radiate from the cortex into the tumor. In these cases the old shaft preserves its 
normal contour.' In other forms, e. in certain round-cell types, there is no new 



Fig. 534. — Peihosteal Sarcoma op Lower Enu of Femur. 

formation of lime salts, but the old cortex is gradually dissolved. In these cases 
the x-ray shows that tlie density of the shaft is diminished or there are islands of 
old bone remaining in the tumor. 

The following example is arranged to show the proper logical use 
of the x-T&y in diagnosis: 

Clinical Case . — A girl of twelve years is lame and complaining of pain, but is 
unable to give a clear history. E.\amination shows that the left lowTr leg is swollen 
and tender. Clinically, it is impossible to tell whether there is a fracture present, 

' In many cases near the junction of the healthy bone with the tumor there is 
reactive new bone formation beneath the periosteum. At the edge of the tumor 
this layer of new bone ends abruptly and pves a characteristic appearance in the 
skiagraph. 
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whether the bone is affected at all or only the soft parts, or whether we are dealing 
with syphilis, tuberculosis, rickets, osteomyelitis, ornew-growth of the bone; arrays 
are taken and show no indications of fracture, but they do show that the bone is 
affected in the following manner: 


X-Ray Findingn; 

A focus the size of a pea, 
in which the trabecular 
marking sare indistinct 
and the walls of which 
are ill defined, exists in 
e, g, { the epiphysis of the tibia. 
The adjacent soft parts 
arc thickened and the 
bones of the foot show 
marked atrophy and pen- 
ciled outlines. 


or e. g. ^ 


L 


Fibula, joint, and epiphysis 
of tibia normal. Great 
thickeping of shaft of 
tibia. A portion of the 
old cortex, somewhat 
more (lense than the rest 
and several inches long, 
is surrounded by a zone 
of less dense tissue, and 
outside of this new'- 
forrned cortical bone- 
sequestrum. 


We may Eliminate — 

f Because the epiphysis is affected 
instead of the diaphysis, etc. 

No cortical thickening or bone 
blister, etc. 

Focus is small and wall is not 
dense, etc. 

Sypk. •! end of diaphysis not 

■ I broadened or epiphyseal zone 
wide, etc. 

Infiamrnatory thickening in soft 
parts and atrophy of other 
bones, etc. 

Tuberculosis— enti rely consistent 
appearances. 

f Because of the presence of a 
seqiiestnim, etc. 

Because it is usually only sub- 
periosteal . No “ bone blister, ' ' 
etc. 

Tu O i osteomyelitis — entirely 

* 1 consistent appearances. 

I Kpiphyseal end of diaphysis and 
epiphyseal zone normal, etc. 

They do not cause sequestra, etc. 

I Sequestrum is in cortex, is too 

t large and well defined, etc. 


f The cortex of the shaft of 
the tibia is thickened. 
A bone blister is present 
on anterior surface, 
or c. g. There is increase of cor- 
tical bone on a limited 
area of fibula. Joint sur- 
faces and epiphyses are 
t normal. 


Syphilis — entirely consistent ap- 
pearances. 

Not inconsistent, but too exten- 
sive, etc. 

No sequestra or abscess and pres- 
Sep. Oa ence of bone blister, etc. 

lOpiphyseal zone normal, etc. 

No new-growth is known to cause 
similar appearance, etc. 

Epiphyses normal and shaft af- 
fected, etc. 


DELETERIOUS EFFECTS OF THE X-RAY. 

During the early months of the use of the ar-ray it was supposed that 
it traversed living tissue without causing any effect whatever cither 
for good or ill. In the spring of 1896, however, reports appeared in 
the medical journals of cases in which a dermatitis resembling a burn 
followed within a few days or weeks after j-ray exposures. In some 
cases these ‘burns'' were so severe as to amount to a malignant ulcera- 
tion with little tendency to heal. During 1896, 55 such cases of 
all grades of severity were reported; 12 more were reported in 1897; 
6 in 1898, and occasional cases since. Fortunately, the medical press 
published and republished these early cases again and again. One 
journal copied the description from another, so that although the 
number of bums which had occurred was greatly exaggerated, never- 
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theless they served to spread the warning, and such cases in a few years 
became very rare. 

In 1902 I collected all the cases which had been reported up to 
that time and only succeeded in finding about 200. From a calcu- 
lation of the probable number of exposures made during that time it was 
evident that not one case in 10,000 suffered injury. With modern 
methods the danger to the patient is far loss than this in diagnostic 
exposures, since tliey are made more rapidly and with the tube at a 
greater distance from the skin. 

The following extracts are from my article published in 1902: 

‘‘The injurious effects of the x-ray fall naturally in five classes: 
(a) Skiagrapher’s dermatitis occurs chiefly on the hands or faces 
of j:-ray workers — in those who are frequently exposed to the action 
of the rays, in tube-makers, experimenters, exhibitors, and professional 



Fw. MS.—Uehult OK Chronic »-R at Dehmatitw. 

Hand showing extreme degree of Hkiagrapher's dermatitiH which has Jed io loss of nails, keratoses, 
and epiflieliomata, requiring amputation of lingers. 


skiagraphers. It results from repeated short exposures, usually in the 
use of the fluoroscope or from demonstration of the bones of the hands 
to an audience. It is most often of a mild degree, but with continued 
exposure may go on to ulceration and gangrene of the skin, even to 
involvement of the tendon sheaths and joints. In the less pronounced 
forms the skin appears chapped and roughened and the normal markings 
are destroyed; at the knuckles the folds of skin are swollen and stiff, 
while between there is a peculiar dotting resembling small capillary 
hemorrhages. The nutrition of the nails is affected, so that the longi- 
tudinal striation becomes marked and the substance becomes brittle. 
If the process is more severe there is a formation of blebs, exfoliation 
of epidermis, and loss of the nails. In the worst form the skin is 
entirely destroyed in places, the nails do not reappear, and the 
tendons and joints are damaged.” 

(Since this description was written a number of well authenticated 
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cases have been published, showing that epithelioma may spontaneously 
develop in those ulcerations and in several cases have required ampu- 
tation. There have also been a few cjiscs reported in which the eyes 
have been injured, but such cases are extremely rare.) 

‘‘The next three classes of cases occur accidentally in patients who 
are exposed one or several times at short intervals for skiagraphs. They 
vary in intensity and may be directly compared with burns of the first, 
second, and third degree. They are essentially the same as the forms 
occurring in skiagraphers spoken of above. 

“(6) The mild cases are simply a transient erythema lasting perhaps 
a few days, followed by an exfoliation of superficial epidermis. There 
may be hyperesthesia of the skin and a slight burning sensation, but no 
real pain. In the hairy portions depilation may occur without inflam- 
matory signs. 

“(c) In cases of the second degree there is a formation of blisters 
following the erythema; these may be serous or purulent; the condition 
resembles a scald, but is slower in healing and less acute in character. 

“(d) In the worst cases the process, instead of disappearing in a few 
weeks, seems to extend to the deeper layers of the skin and subcutaneous 
tissues. There is a formation of leathery slough, surrounded by a 
brawny, indurated swelling with ill-defined limits. The process is 
exceedingly slow and obstinate and possesses an almost malignant tend- 
ency to progress. It is very painful at times and resists treatment in 
a remarkable way. The reader is referred to the case of Cassidy and to 
the report of Orleman, which are typical cases of this kind. 

“(c) The fifth group of ctises is composed of those in which some 
internal lesion is attributed to the x-ray. There have been few such 
cases recorded, and these have been in such an inexact and hypothetic 
way, with the exception of that of Gilchrist, that they seem to the writer 
to be undeserving of record. “ 

In the light of more recent observations the last clause of this extract 
needs modification. Recently evidence has come out which tends to 
show that the x-ray may have insidious, injurious effects on the internal 
organs as well as on the skin. Dr. F. Tilden Brown has called attention 
to the frequency of azoospermia in x-ray wwkers, and hrieben and 
Bergonie have shown that, by repeated x-ray exposures it is possible to 
cause a suspension of function and ultimately partial iitrophy of the 
testicles or ovaries of guinea-pigs and rats. It is not unlikely, as pointed 
out by Edsall, that other organs may be affected, especially the bone- 
marrow and the kidneys. The experiments of Rollins, Allen, Warthin, 
Heineke, and others tend to show that the x-ray may have a very power- 
ful and at times selective action on the different tissues of the body. 
This is evidently of especial importance in certain diseases, for ski- 
agraphers in all parts of the world have reported the occurrence of 
toxemic symptoms in patients exposed to the x-ray for the treatment 
of Hodgkin’s disease. 

On the other hand, in healthy patients, or even in patients with 
serious constitutional disease, symptoms following x-ray exposures for 
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diagnostic purposes have been so seldom noted among the millions of 
exposures that have been made, that it would be folly to argue that a 
mere diagnostic exposure of a few minutes is dangerous. The reports 
have been so few that for the present. they may be regarded as mere 
coincidences. Even in the experiments by which such deleterious 
effects in animals have been produced, the exposures have had to be 
long and at close range. Nevertheless, as pointed out by Edsall, it 
is well to have due regard to the possibility of such results, especially 
in cases in which the function of the bone-marrow, spleen, lymphatic 
glands, or kidneys is already abnormal. 

Fdrsterling has shown that even a single exposure of moderate 
strength (ten minutes at 20 cm.) produces a pronounced inhibition to 
development in growing puppies — e. g., the growth of one leg could be 
stunted. His experiments indicate that especial caution should be 
used in exposing children to the x-ray ev^ for diagnosis. 

There is little doubt of the frequency of sterility and azoOspermia in 
skiagraphers, yet it must require a considerable amount of exposure to 
bring about this result, for in a number of instances personally known 
to the writer living spermatozoa can be demonstrated in the seminal 
fluid of individuals who some years ago worked a great deal and un- 
protected in the presence of strong radiation. In one of these cases 
there had been an x-ray dermatitis about the outer side of one thigh. 
In two other cases physicians who had used the x-ray to a considerable 
extent have since become fathers of healthy children. 

While it is true that nowadays danger to the patient in diagnostic 
exposures is scarcely to be feared, the danger to the patient undergoing 
therapeutic treatment by the x-ray is still very great and the danger to 
the sldagrapher is greatest of all. Aside from the risk of depilation, con- 
junctivitis, dermatitis, loss of finger-nails and phalanges, sterility, epider- 
moid cancer, and nephritis, there can be little doubt that the general 
health and well being may become affected in time unless the greatest 
precautions are taken. As a rule, eager, enthusiastic young men who 
in their devotion to their work are careless of their personal danger 
from so insidious an enemy, take up this occupation. None should 
undertake it without due consideration of its risks. 

The responsibility /or adeding persons to do x-ray work and for the use 
of proper precautions in its practical application rests with the executive 
officers and trustees of hospitals, which nowadays set the example for the 
community in such matters. 

The details for the construction of appliance to give adequate pro- 
tection to the patient and sldagrapher would be out of place here, but 
this general principle might be insisted upon. While his apparatus 
is in action, the sldagrapher should stand in such a position in relation 
to it that the rays are entirely excluded, as demonstrated by a photo- 
graphic plate exposed for ten minutes’ time. It is not ^fficult to 
arrange, with the aid of sheet lead, lead-glass plates, and mirrors, a 
sciwn which will thus protect the operator and still allow him to 
observe the action of his tube. The use of the fluoroscope should be 
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abandoned; except in cases of great importance or when protected with 
the greatest care. 

The protection of the patient is more difficult, though not so neces- 
sary, since the exposures are so short. A protection of the parts of the 
body not necessarily exposed by a screen equivalent to a Vu-inch of 
sheet lead may be considered a practical amount of precaution. 

BENEFICIAL EFFECTS OF THE RONTGEN RAY. 

Not long after it was observed that the Rontgen ray had a harmful 
effect on the tissues, the possibility of its having a beneficial effect 
naturally suggested itself, and its action on all forms of disease was 
tried. Such a mass of literature has accumulated on this branch of its 
application that it would be difficult to eview it in a large volume, but 
all writers agree that it is of more or less value in the treatment of certain 
conditions. At present the therapeutic use of the x-ray is rightly falling 
into the hands of the dermatologist and the medical clinician. To 
dermatology especially it has been a great boon in the treatment of 
obstinate diseases of the skin, such as psoriasis, chronic eczema, and 
sycosis. The internist finds it a help in certain cases of leukemia, but, 
owing to the obvious difficulty in using such a powerful remedy, is pro- 
ceeding with caution. 

There are few diseases in which enough has yet been accomplished 
to interest the surgeon. In lupus, epithelioma, keloid, carcinoma and 
sarcoma, both before and after operation, exophthalmic goiter, tuber- 
culous adenitis, and Hodgkin’s disease its results have been somewhat 
encouraging. 

Lupus and scrofuloderma may unquestionably be sometimes 
cured, but the improvement is uncertain and slow — a matter of months 
or years— and, therefore, necessitates tedious and expensive treatment. 
The dermatitis resulting from long treatment is likely to leave as con- 
spicuous a condition of the skin as a surgical scar. Obviously, in some 
cases where excision is impracticable the x-ray may be of great help. 

Keloid may or may not yield to the x-ray. A few exposures will 
usually show improvement if any may be expected. If prolonged use 
of the x-ray is necessary, surgietd treatment is preferable. 

Superficial epithelioma and rodent ulcer may be cured by 
the x-ray in many cases, but where the subcutaneous tissue or fascia 
is involved, cure is very rare, although superficial healing may take 
place. In treating these diseases both surgery and the x-ray axe under- 
taken too lightly. The desire of the dermatologist or practitioner to 
avoid ugly scar formation leads him too often to recommend caustics, 
curettage, radium, the x-ray, or an inadequate excision. It is not infre- 
quent nowadays to find patients with these lesions who have had both 
repeated operations and repeated x-ray treatments. It is altogether 
too common in hospital work to find epithelioma being treated by 
assistants in out-patient departments or inexperienced surgeons who 
remove the growth with too narrow a margin. While Rdntgen therapy 
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compares favorably with the results of such inadequate excision, a 
proper plastic radical operation in competent hands is preferable in 
most instances. In inoperable cases, in cases which are not susceptible 
to plastic repair, in the timorous, in the aged, and in the feeble the x-ray 
has an undoubted field of usefulness; in ordinary cases excision with a 
wide margin is surer, quicker, and less expensive. 

Epitheliomata of the mucous membranes are less susceptible to 
the x-ray than those of the skin, and it is unjustifiable to waste time 
with its use if operation can be considered. It is not unlikely that the 
x-ray even stimulates some of these cases to grow more rapidly. 

In spite of the thousands of at- 
tempts which must have been made 
to cause the disappearance of car> 
cinoma and sarcoma primary in 


Fia. 536.— Epitkbliom^ita nBPOHK Treat- Fia. 537.— Same ooee an Fiit. 536. after treat- 

MBNT. (W. A. Pusiey.) meat. (W. A. Puaey.) 

the deeper parts of the body, so few successful cases have been 
reported that operation, where possible, must still be preferred. In 
inoperable cases the x-ray may ^ used with a. little real hope, for a 
number of authentic cures have been reported. I have seen a large 
sarcoma of the clavicular region practically disappear under x-ray treat- 
ment, although it reappeared again some months later. Similar cases 
have been reported by others, as C!oley, Pusey, and Beck. Such results 
have been too few, however, to show clearly that they are not cases of 
spontaneous disappearance or erroneous diagnosis. 

The x-ray sometimes affords a temporary relief in post.operative 
recurrent cancer. All experienced skiagraphers have observed the 
disappearance of nodules of recurrent cancer in and about scars. There 
is some, but not sufficient, evidence to show that metastases in lymphatic 
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glands may disappear under its use. It is probable that in many 
instances such shrinkage in the glands is due to the subsiding of inflam- 
matory conditions. 1 have observed the steady enlargement of metas- 
tases in the lymphatic glands to be coincident with the disappearance 
of a large superficial recurrent cancer in the same subject, while both 
lesions were under treatment. 

It is meddlesome to advise pre-operative x-ray exposure, and my 
experience makes me disinclined to advise post-operative treatment 
for the sake of mere prophylaxis. In two cases in which such an effort 
was consistently and conscientiously made, no good was obtained. 
Where the surgeon is conscious that he has not removed the whole 
growth and fears immediate recurrence, it is rational to advise post- 
operative exposures, but where there is a reasonable hope that the 
disease has been eradicated, part of the benefit of the operation is lost 
by nagging the patient by a treatment from which no great good can 
be expected and which only reminds him of his danger. 

In exophthalmic goiter the use of the x-ray has been encouraging, 
but, owing to the fluctuating character of this disease, the reports of 
success in any form of treatment must be especially favorable to be 
convincing. Reports of its use in Hodgkin’s disease have been so 
uniform that it may be stated with a fair degree of certainty that the 
glandular enlargements may be made to shrink and even disappear, 
but that during this process such a toxemia becomes evident that the 
fatal termination of the case may be hastened. 

In simple or tuberculous adenitis a decidedly favorable action 
has been reported, but this result is not always obtained and the treat- 
ment must be so long continued in most cases that the danger of ill 
effects counterbalances the good obtained. 

In spite of the fact that as yet it must be confessed that the x-ray 
has not proved a great success as a therapeutic agent, one must admit 
that it is a powerful agent, and that, as the knowledge of its administra- 
tion increases, we may look for it to take a more definite place in the 
treatment of disease. 


MISCELLANEOUS USES. 

In the limited space in this volume devoted to the x-ray it has seemed 
best to speak mainly of the proved and acknowledged uses of this remark- 
able form of energy. Nevertheless, surgical science also profits by its 
help in many important contributions to other kindred branches of 
medical science. For instance, it has aided the advance of surgical 
anatomy, since the condition of the Imnes can now be studied more 
easily in the living than formerly in the dead. Such an important 
contribution as Bdhm’s explanation of lateral curvature has been 
directly a consequence of the use of the x-ray. In physiologr it has 
made it possible for Cannon to describe the hitherto unexplmned move- 
ments of the stomach and intestines. His method of using emulsions 
of bismuth has already been utilized by Rieder in determining the locar 
tion of strictures of the esophagus, stomach, and intestine in man. 
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THE USE OF RADIUM IN SURGEBT. 


By the same procedure diverticula in the bladder (Wolff) and laby- 
rinthine sinuses about diseased joints (Lovett) may be graphically 
shown. 

On the border line between medicine and surgery it is of great assist- 
ance in the diagnosis of aneurysm, mediastinal tumors, abscesses in 
the lung and below the diaphragm. In pathology it is helpmg to clear 
up the confusion of classification in the various forms of arthritis, of 
osteomalacia, and of sarcomata of the bone. 

RADIUM. 

Since the discovery that Rdntgen rays could be produced by labora- 
tory methods it has been found that certain mineral substances possess 
the property of emitting rays similar to, if not identical with, the x-rays. 
The most powerful of these substances are uranium, thorium, polonium, 
radium, and their salts. These substances are most interesting from a 
physical point of view, but as yet are not of much importance to the 
surgeon. Radium alone seems to have sufficient power to make it of 
value for therapeutic purposes. At present its price, if pure enough 
to be of value, prohibits its general use, although experiments have 
already been undertaken with it to a certain extent. Abbe and others 
report that its effects on living tissues, whether normal or pathologic, 
are similar to those of the x-ray. It is not clear that it is superior to 
the x-ray, except that it is far more convenient to use and that it is 
possible to administer it much more accurately as regards dosage. It 
is relatively useless for skiagraphic work. 

Owing to the disappointments occasioned by the use of impure and 
weak radium salts which have been put on the market, the use of radium 
probably has not even received the credit that it deserves from con- 
servative members of the profession. It is to be hoped that those 
who have undertaken to find the way with radium will make certain 
of their path before urging the rest of the profession to follow. 

Latest Researches. 

Lately there has been established in Paris an Institute of Radio- 
Activity which is fortunate enough to have associated with it Madamo 
Curie, the discoverer of radium, and a number of active medical men 
who are investigating the possibiliti^ of radio-activity in the treatment 
of disease. The result of their investigations, especially in the treat- 
ment of cancer, have been sufficiently encouraging to warrent the 
establishment of a Radium Institute in London under the patronage 
of the King. Connected with it are such well-known men as Sir 
Lauder Brunton, Sir Frederick Treves, and others. 

Those who desire further information about both these Institutions 
will find it, perhaps, best stated in English up to date (September, 1909) 
by referring to the British Medical Journal, vol. i., 1M9, pp. 242, 301, 
m, 437, 609, 614, 797, 912 (2 papers), 1131, 1250, 1557, the very 
interesting Croonian lectures of Lazarus-Barlow, in the same journal 
for June 19 and 26, 1909, and the important paper by Wickham in its 
issue for August 21, 1909. 
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At present, in cases of malignant disease, it would be very pro- 
mature to rely upon radium rather than upon complete surgical 
operation, but it is not improbable that within the next few years 
the exact, status of this wonderful therapeutic agent will be given to 
the world by eminent scientific authority. 
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CHAPTER LXXXIV. 

THE LEGAL RELATIONS OF THE SURGEON. 

By Hampton L. Cabson, Ebq., 

or THE PHII^DE1.PHIA BAR. 


THE SURGEON AS A WITNESS. 

As Ordinary Witness. — The primary meaning of the word 
“witness” is “one who sees or knows personally.”* The surgeon may 
at any time be summoned, under subpoena, as an ordinary witness, 
for the ordinary fees, t<j speak of facts actually within his own personal 
knowledge and ul}Scrvation, based on his own senses; he must not tell 
what others have seen or heard or told him. 

His Attendance in Court is Compulsory. — If acquainted with a 
case through attendance or observation, professional or casual, he may 
be requh-cd, in civil or criminal proceedings, to tell what he has seen or 
heanl, suhiect only to the privileges hereinafter mentioned. He is not 
bound to iittend, to operate, or to consult, but if he does so, or if he be 
but an accidental witness, ho cannot withhold his knowledge of the 
facts when under subparia in a judicial investigation.’’ Disobedience 
may mean attachment for contempt of court and the imposition of a 
fine. 

Original Notes. — The pre<licament of a witness depends upon the 
chances of life. The fimt hour of his practice or his busiest employ- 
ments may hear the call. Hence, he should be prepared to testify 
fully and accurately. As to facts: he should be clear as to dates, times, 
distances, size, measurement of objects, direction, depth and character 
of wounds, fractures, etc. He should not confuse facts and opinions. 
His statement should be methodical, chronological, and complete in 
detail, based upon an orderly and methodical inspection and examina- 
tion. Virchow dwells upon and prescribes an order.* He should 
cultivate the facidty of minute detailed observation, and form the habit of 
making accurate and full notes at the time, or at the earlier moment after- 
ward, so as not to suffer from indistinctness of memory. These notes, no 
matter how rough, should be preserved as originally made, unchanged and 
without later additions. Full, or even scrappy, memoranda made at 
the time, or so soon thereafter as is practicable, are of real value. 
Their function is to refresh the memory,* even if made by an assistant, 
under the conditions stated. If the witness, though believing in their 
accuracy, cannot recall what they refer to, or has no recollection outside 
of them, they cannot be received or read aloud as a substitute for 
testimony. 
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Notes should be accurate in day, hour, place, circumstances; sur- 
rounding conditions, disturbed or otherwise; the absence or presence of 
persons; the results of inspection, both external and internal; corporal 
effects and symptoms; the absence of usual symptoms; the presence 
of the abnormal; measurements of wounds, depth, direction, and char- 
acter; the signs of hemorrhage; the indications of violence, self-imposed 
or otherwise; the relations of weapons to a body, proximity, caliber, or 
direction; signs of the operation of a drug, poison, or disease; the 
character, size, and appearance of fractures, and all means resorted to 
in their reduction, adjustment, and treatment, and their results, with 
particularity. If the scene be one of possible crime, a rough sketch may 
be added. Destruction or loss of original notes easts suspicion upon 
testimony and upon “copies,” which may have been added to or 
“written up.” Neatness is no substitute for authenticity. 

The accurate observations of Sir Astley Cooper, as noted, led to the 
conviction of a left-handed murderer; and Koch’s analytic and orderly 
testimony in the Speichert poisoning case convicted the prisoner. 

Dying Declarations (Ante-morteni Statements). — Surgeons, as well as 
laymen, may be called to testify to what they heard a dying man 
<Ieclare:^ (a) Death must actually ensue and be that of the declarant. 
(b) There must be consciousness of the certainty of death and no hope 
of recovery on the part of the patient, (c) The actual period of sur- 
vival after the declaration is immaterial. The expectation of death at 
the time of the declaration, the pressure of impending doom, gives the 
declaration its solemnity, (d) The declaration should be noted in the 
exact words of the declarant; do not paraphrase; if circumstances permit, 
write out the declaration; have it signed by declarant or attested by 
witnesses present. Call in a notary or a magistrate to swear declarant. 
If impossible, reduce the declaration to writing at the earliest practicable 
moment. 

Manner of Testifying. — Conduct yourself with patience, dignity, 
courage, and self-possession. With the consequences of testimony 
you have nothing to do: that is for the judge and jury. State facts 
exactly as you saw or found them. Discard opinions, hearsay, and 
conjectures. Repress partisansliip or sympathy. Give strict attention 
to the questions put, answer responsively, and within the limits of the 
question. Beware of double-barreled questions. If unintelligible, or 
containing confusing elements, risk no answer which may be misunder- 
stood or misapplied. Either state an inability to answer the question 
as put, or, if forced to a precise answer in form, add the necessary 
qualification or explanation. Avoid argument or disputation; be plain 
of speech; avoid technical terms, or, if their use be necessary, translate 
them into intelligible terms. Do not call a “blood clot” “an apoplectic 
extravasation.” Neither judges nor jurors are medical men. Be 
simple, straightforward, and direct. Keep your temper under galling 
fire. If objection be made by counsel, never answer until the court has 
overruled the objection. The cross-examinedion will involve tests of 
observation, memory, and bias. 
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Privileged Communications.— For centuries surgeons had no privi- 
leges as to disclosures made to them by their patients, or as to facts 
learned by them while in attendance, or as to symptoms or scars of a 
secret nature observed by them. At present, in New York, a statute 
forbids the disclosure by the surgeon of *^any information which he has 
acquired in attending a patient in a professional capacity ^ and which was 
necessary to enable him to act in that capacity.*' In Pennsylvania 
‘‘no person authorized to practice physic or surgery shall be allowed, 
in any civil case, to disclose information which he acquired in attending 
a patient in a professional capacity, and which was necessary to enable 
him to act in that capacity, and which shall tend to blacken the char- 
acter of the patient, without his consent.** Most of the States have 
statutes similar in substance, but varying in phraseology. In other 
States, notably in Massachusetts, the common law rule prevails that 
communications from patients are not privileged} As distinctions 
exist between civil and criminal proceedings; as murder, abortion, and 
other crimes involve public interests; as the relation of patient and 
surgeon may be open to legal construction; as the character of the 
knowledge and the manner of its acquisition may be open to dispute; 
and, further, as the cases may vary as to whether they affect character, 
contracts, matrimonial engagements, insurance, or accident law, 
insanity, testamentary capacity, or malpractice, it would be unsafe to 
attempt the statement of a general rule as to the extent of privilege. 
The safest course in all cases, in all jurisdictions, is for the surgeon, 
when checked by his ethical sense, before answering any question touching 
privilege, to appeal to the court to decide whether the question shall be 
answered. Counsel will be quick to argue. If the judge rules that it 
must be answered, the responsibility for the disclosure is upon him.'' 

Four points must be borne in mind: (a) In no State does the 
privilege protect consultations for the purpose of committing an act 
forbidden by law. Infanticide, abortion, abandonment of infants, 
baby-farming, conspiracies to commit crime or to defame, attempts 
at suicide or invitations to euthanasia, and other crimes, are all outside 
the pale.** (b) Confessions of past crimes, conditions existing subse- 
quent to criminal acts, and the fact of the possession of suitable instru- 
ments for the commission of crime are not privileged, (c) In no juris- 
diction does the privilege belong to the surgeon. It is the privilege of 
the patient, and may be waived by him. If waived, the surgeon may 
and must testify fully. What amounts to a waiver, express or implied, 
is a question for the court, (d) The admissibility of any evidence or 
of any question or answer is always for the court. 

As Expert Witness. — The secondary meaning of the word “wit- 
ness’* is “one who gives testimony or evidence.** From necessity, in 
matters beyond common knowledge, an opinion may be requested of 
one, fitted by special experience and by scientific training, to aid a 
court and jury in reaching a result, based on his general knowledge and 
experience, or upon the significance of facts testified to by others, the 
tnUh of which he is asked to assume. The basis of the opinion murt be 



THE SURGEON AS A WITNESS. 


1183 


found in the hypotiieticd question. Where personal observation is had, 
hypothetical presentation is unnecessary; where personal observation is 
lacking, hy[)othetical presentation must be resorted to for the premises 
to support the conclusion. Only skiUed witnesses may be asked bypo- 
theticfJ questions. As the witness is invited to draw a conclusion, the 
premises must be considered. If the premises fail, the conclusion must 
be disregarded. If the premise are insufficient, the conclusion should 
not be hazarded, lie careful that the hypothetical question states aU 
the facts necessary to support the opinion. Do not let the answer topple 
for want of support. Give the closest attention to the facts which you 
are asked to assume as true before stating a conclusion. Here the 
province of the expert ends. With the effect upon the case, or with the 
final result, he has nothing to do. If the verdict is adverse to the side 
which calls him, he should feel no chagrin, for if the facts assumed are 
not found by the jury, the conclusion necessarily falls. This is no 
impeachment of the expert, who is not responsible for the facts, nor 
should he usurp the functions of the jury or make himself a partisan. 
The form and scope of the question and the data assumed under the 
evidence already presented must be passed on by the court. The 
important point to be observed by the expert is whether the premises as 
stated are sufficient to justify his conclusion. The cross-examination will 
soon put lum to the test. Never hazard an opinion without preparation. 
Read the authorities. Be familiar with the opinions held and expressed 
by them and the grounds on which they rest. If your own experience 
leads you to different results, say so, but do not ridicule authority. 
Remember that the authorities will be thrust at you on cross-examination. 

The Skill Required of an Expert. — Experts are the severest 
critics of each other, and they chafe under the willingness of the courts 
to hear men of moderate rank. The expert is not called on to decide the 
point at issue, nor to give an opinion as to the merits of the case; he is 
called to aid a legal tribunal. Where there are so many grades of 
knowledge, the only safe rule is to ascertain the extent of the witness’ 
qualifications and within their range to permit him to speak.* Cross- 
examination and the corrective testimony of others will test his value. 
SpecMists are in most communities few and. far between. It is only in 
large cities that they are readily had. Hence the ordinary practitioner 
is received in all matters as to which a regular surgical training neces- 
sarily involves some general knowledge. Whether the witness is 
sufficiently qualified is for the discretion of the judge, and before 
permitting an expert to testify, he may examine him or hear evidence 
to satisfy himself that he is what he assumes to be. A decision that a 
professional nurse who had nursed in 20 or 30 cases of bone felon, but 
who was not a student of surgery, was not competent to speak as to 
whether a felon was cut to the bone, has been criticized severely as 
unwise interference with the discretion of a trial court.'* 

An expert may be qualified — (a) by special and peculiar experience, 
i. e., moro than common experience in the matter; (h) by practiced 
experience obtained casually, but steadily and adequately in the coxurse 
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of practice; (c) by scientific training directed to the acquisition of a 
knowledge of a branch of science; (d) while claiming superior and special 
knowledge, he is not presumed to know everything; but he ought to be 
fully acquainted with the latest and most exact knowledge of the 
scientific matters of which he testifies." 

Demeanor of Expert. — Attend to the premises; think deliberately; 
reach conclusions cautiously; state opinions honestly; avoid dogmatism; 
avoid partisanship; do not sit at the elbow of counsel to suggest the 
line of cross-examination of an expert on the other side. A surgical 
coach should not take the witness-stand, or, if he has been on the stand 
as a witness, he should not remain to defend himself. Much of the 
discredit attaching to the well-known “war of experts” is due to this 
practice. When surgeons become the active allies of counsel, their 
credit with the jury is seriously if not wholly impaired. 

Cross-examination of Expert. — The expert will be asked to analyze 
his conclusions; to restate his premises; to admit that if the premises 
vary the conclusion will be different; and he will be asked, upon the 
assumption of a different state of facts (usually, though not necessarily, 
those contended for by the cross-examiner as being the true facts made 
by the evidence or about to be presented in evidence), to state a con- 
clusion inconsistent with the views expressed in chief. 

Books. — The expert ^s conclusions may be based in part on books 
which he has studied, but it is established that he cannot quote opinions 
from professional books, however standard the authority, in support 
of his own view, the reason being that the authors did not write under 
oath, and their grounds of belief and processes of reasoning cannot be 
tested by cross-examination.^^ Besides, the application of the text to 
the case in hand may bo disputable. On cross-examinaiionf an expert 
may be asked if he recognizes a certain author as a standard, and a 
quotation may be called to his attention which appears to contradict 
him. As a precaution, ask to see the book, to insure accuracy of 
quotation and the limitations of the context. Law cases differ as 
strangely as surgical cases, and the use of books must be left to the 
discretion of the trial judge. A charlatan is sometimes trapped by 
avowing knowledge of the works of a fictitious author. 

Fees of Experts. — The term “fee” has been much misunderstood. 
It does not mean adequate compensation for service rendered, but the 
statutory per diem allowance payable to ail witnesses, such an item of 
“costs” as may be taxed against the losing party. After much argu- 
ment the stronger opinion, hosed upon the weight of legal authority, 
is that in the absence of a statute allowing additional compensation to 
experts an expert is not entitled to demand additional compensation, other 
than the ordinary witness fees, before giving testimony upon the stand.^^ 
The reader cannot safely rely upon the text of many writers. The equity 
seems strong in favor of the surgeon, but the common law makes no 
distinction as to witnesses. Every man, no matter what his calling, 
owes a duty to the administration of justice. A statute alone can 
change this, and but few States have statutes on this point, and these 
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are inadequate. Time is as important and knowledge os valuable to 
the laborer, the banker, the lawyer, the manufacturer, the actuary, 
the boiler-maker, or the engineer, if called as ah expert, and none of 
these are favored.** 

Dealing with the law as it is, the surgeon called as an expert must 
obey the subpama and answer the questions put to him. He is not 
obliged^ however f to examine the case or reflect upon it, or to give more than 
an offhand opinion; nor can he be required to attend the trial so as to 
qualify himself by listening to the testimony^ to give a deliberate opinion 
as an expert; nor can he be required to make any examination or preliminary 
preparation,^^ He can state his position to the judge. 

The practical result is more satisfactory than any change in the law 
could make it. As parties to a cause, if wise, intrust to counsel the 
adequate preparation of a case, no prudent counsel will subpoena 
reluctant or unprepared witnesses as experts. There is entire freedom 
then for the expert to arrange by contract in advance for his compensation. 
This is not a “ fee.” It is a contract, and can be sued upon, if reasonable 
in amount and free from the taint of contingency upon the result of 
the suit in which the surgeon was called as a witness. If the agree- 
ment be for an indefinite amount and suit be brought, the recovery 
will depend upon what a jury may consider reasonable under the cir- 
cumstances. 

Sometimes the surgeon called as an ordinary witness may be ques- 
tioned as an expert. He can protect himself by declining to answer in 
that capacity, on the ground that he is not prepared to express such an 
opinion, or he may appeal to the court on the ground that he has not 
been summoned as an expert, and that he prefers not to answer until 
he has been properly protected by a contract with the party calling 
him. The law will differ in various States. The prudent course would 
be in aU cases to consult counsel in advance as to the attitude to be taken. 
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StALPRACTICE. 

A suit for malpractice is dreaded by the surgeon. It means bad 
practice, cither of commission or omission; unskilful treatment, resulting 
in permanent or temporary injury to the patient; practice contrary to 
established rules, either of method or precaution; recklessness, careless^ 
ness.* 

Negligence. — The legal responsibilities of surgeons are determined 
by a law applicable to every skilled profession: every man must exercise 
diligence and care in the practice of his craft. He must have knoidedge 
fit for the occasion, and must bring that knovdedge to bear upon the case 
in his hands. Not only must he be possessed of skill, but he must exert it. 
An ignoramus attempting an operation beyond his skill, and the most 
learned and skilful operator failing to exercise his knowledge, sldll, 
judgment, and care, arc alike negligent. A bungler, using improper 
instruments or those which he cannot handle, or accepting an assistant 
whom he ought to reject; the operator who 8(;lects or accepts an un- 
skilled anesthetist, or the operator who, with knowledge of his own 
lack of skill, administers an anesthetic; a brilliant but hasty operator 
cutting off the wrong finger; the man with unclean hands, or who foils to 
guanl against contagion; the intoxicated man; the man who accepts 
unsterilised instruments; who laughs at approved methods and reck- 
lessly experiments; the man who considers convenience and opportunity 
as equiv^ent to emergency and danger; who assumes consent to a major 
operation, or who transcends the limits of express authority; who fails to 
discover what could have been discovenxl as to conditions; who violates 
the rules as to extension and counter-extension; who omits to instruct 
nurse and patient as to their conduct and care; who abandons a case 
without notice or suitable provision for a substitute; the man who 
makes no notes or imperfect notes, but trusts to memory; in short, the 
man who is careless, reckless, or, unskilful; these are the men who invite 
verdicts for damages. 

On the other hand, the earnest, diligent, well-read, scientific surgeon, 
who has a library and reads his journals, who uses instruments of 
precision, who observes approved methods; the “good,” “reliable” 
surgeon, who knows how to reduce dislocations, adjust fractures, tie 
arteries and treat wounds, to supervise the use of anesthetics, and to 
prescribe or conduct the after-treatment, who, after a careful examina- 
tion, uses his best judgment and skill in operating, who is exacting as 
to prior assent, and who instructs nurse and patient as to conduct, 
while not immune, has little to dread in the courts. 

Negligence consists in not doing the thing which ought to be done, 
or in doing that which ought not to be done:’ in doing some act which 
a cautious and prudent man would not do, or in neglecting some act 
which a cautious and prudent man would not neglect:* in doing or 
omitting to do something which a surgeon of ordinary prudence and 
care would not have done, or would not have omitted to do, und^ 
like or similar dreumstanees.* The duty is dictated and measured by 
the occasion.* The degree of care must be in proportion to the known 
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apparent danger of the situation.* This does not mean that a slight 
case may be neglected. Negligence is the breach or omission, the 
non’^performance or the inadeqvxite performance of a legal duty? 

What the Surgeon Undertakes. — General Standard of Require- 
ments.— A surgeon in practice invites* the public to employ him, and 
impliedly promises that he possesses the requisite knowledge and skill 
and that he will use his best skill and judgment in treatment and sub- 
sequent care. He must have both knowledge and skill, and he must 
apply them. He is liable for want of skill and for failure to use it." 

He must posme and exercise such reasonable skill and diligence as 
are ordinarily possessed and exercised in his profession, and regard 
must be had to the advanced state of the profession at the time,^ He must 
employ such skill and diligence as are ordinarily exercised in his pro- 
fession by thorotiyhly educated surgeons}^ He does not stipulate for the 
highest degree of skill, or that he is the equal of the renowned in the 
profession, but he must use the ordinary skill and care of the pro- 
fession.^ If he knows himself to be incompetent to treat the case, 
he should recommend another surgeon. If he knows that ho is com- 
petent, but is uncertain as to the nature or extent of the injury, he 
must use his best judgment as to consultation.'^ In many cases care 
and skill are involved as much in the selection of the point of amputation 
as in the manner of performance. If he attempts an operation as a 
specialist, as upon the eye, ear, or abdomen, he must have that degree 
of skill and knowledge which is ordinarily possessed by those who have 
made such operations a specialty, and he must exercise his best judgment 
in the application of his skill, and use ordinary care in the performance 
of the operation.” 

Ordinary Skill.— What is meant by “ordinary,” “proper,” 
“reasonable” skill and care has been much discussed. Although a 
protest against a too high standard is to be found in an Iowa case,'* 
where it was said “the average reasonable skill and diligence exercised 
by the profession ns a whole” is the true measure, yet this has been 
denounced as an impracticable average. The true rule is that while 
not requiring the highest degree of skill, the law does require such skill 
as will bring proper and judicious treatment to the case.'* Diligence, 
skill, and attention must be adeqtuUe to the performance of the under- 
taking; it is his own fault if he undertakes without sufficient skill, or 
applies less than the occasion requires.'^ The average is not to be 
struck by considering the uneducated, occasional, or officious. It 
must be the ordinary skill, learning, and experience of the profession 
generally,** tested by the consensus of surgical opinion as to what is 
proper under the circumstances, and, if disputed, must be established 
by witnesses of skill and experience as surgeons."* 

Location to be Considered. — Country practitioners are not held 
to the degree of skill required of those having extensive city or hospital 
practice; but they must have the average skill and ability ordinarily 
possessed by surgeons in similar localities^ But this does not mean in 
a partiadar locality, where there might be but few,** and in an age of 



1188 


THE LEGAL RELATIONS OF THE SURGEON. 


surgical periodicals, improvements in instruments, and the use of 
antiseptics, they must keep pace with professional advancement.^'* 
GraiuUoua service does not absolve from the duty to exercise reasonable 
and ordinary care, skill, and diligence.^^ The law guards alike charity 
patients and pay patients. 

Additional Undertakings,— (a) Must Obtain Consent to Operation. 

— This has become of importance. In an early Massachusetts case,®* where 
a cancer was removed, it was held that a surgeon is presumed to have 
authority to do all such acts as are in his opinion necessary, without 
notifying the husband of an intended operation or showing that the 
operation was necessary, or that it would be dangerous to wait, and so 
in an English case**® Mr. Justice Hawkins charged a jury that there was 
tacit consent by the patient to a major operation, where, in the face of 
directions from the patient as to the removal of ovaries, the surgeon 
said, “you must leave that to me.” This doctrine was justly criticized, 
for it is one thing for a surgeon to refuse to operate unless unlimited 
discretion be confided, and quite another thing to deliberately disobey 
express instructions. It would have been wise for the surgeon to 
refuse to operate unless the scope of his authority was agreed on in 
advance.^ The doctrine is now established that a surgical operation is 
urongful and unlawful v)here performed without the express or implied 
consent of the patient, A surgeon was consulted as to a diflBculty in the 
right ear; after examination an operation was advised and consented to; 
under anesthetics it was found the left ear was in greater need. The 
family physician made no objection, and the operation was performed 
on the left ear. It was held that the oiieration was without the consent 
of the patient, and also that this was not an emergency case,^^ This 
doctrine has been confirmed.^ The bodily integrity of a patient cannot 
be violated by a major operation without consent. Consent may be 
implied from circumstances. Unexpected conditions may develop 
or be discovered, and the surgeon must act on his discretion, according 
to the demands of good surgery, to preserve life. When an injury 
renders the patient unconscious and prompt surgical action is required 
to preserve life or limb, the surgeon must act, and consent will be 
implied ex necessitale?^ The “emergency” or “danger, ” however, must 
be real. In a surgical operation upon a married woman it is her consent 
that is required, and it is desirable to have that of the husband also; 
under special circumstances, other adult relatives being present, an opera- 
tion may be performed on a minor without the express assent of the 
parent.®* Caution: The reader is advised that, whenever practicable, 
it is best to obtain wriUen consent from the patient, the husband, 
wife, parent, or nearest person in apparent control of the situation. 
Oral consent, while legal, may be deni^, and the surgeon embarrassed 
by a contradiction. Litera scripta maneL 

(b) Must Obtain Consent to Autopsy. — If an autopsy is per- 
formed without the consent of the person having a right to the custody 
of the body, the surgeon acts at his peril.” The only exception is where 
the post mortem is directed by law.” 



MALPRACTICE. 


1189 


(c) Must Use His Best Judgment. — If judgment be honestly 
exercised, infallibility is not exacted. Intelligence and care are required. 
The patient must be fairly dealt with. If an operation be unwise or 
unnecessary, the surgeon must say so, even though not asked. If the 
patient be of sound mind and mature years and persists, against advice, 
in demanding an operation, the surgeon may operate, and if he does so 
with skill, he is not responsible for having yielded unless it involves 
dangerous consequences,^ But conserU of patient should be put in writ- 
ing. If there be symptoms of several diseases, he must balance possible 
results, and do that which he considers wisest under the circumstances, 
consulting, if he can.*® 

(d) Must Follow Established Modes of Practice. — The standard 
to be conformed to is that of the profession generally; otherwise experi- 
ment will supplant skill, and recklessness displace experience. If the 
ease be new, the patient must trust to the skill and experience of the 
surgeon, but if there be an established mode, there should be no depart- 
ure, unless the surgeon takes the risk of success.” An established mode 
is not necessarily confined to those stated in text-books. 

(e) Must Instruct Patient and Nurse. — Necessary and reasonable 
instructions must be given to both nurse and patient as to treatment 
and conduct after an operation, so as to guard against consequences of 
careless nursing, or imprudence or impatience or premature efforts to use 
a limb or to return to work.®^ The duty does not end with the operation ; 
advice and instruction must be given as to the care and use of an injured 
part of the body. The instruction shotdd be in VYriting. The danger of 
neglecting this is illustrated by a recent case, where the patient denied 
the instructions, and in the conflict of testimony the surgeon was 
mulcted in damages.” 

(/) Must Continue in Attendance. — The rule is fixed as to physi- 
cians that they must continue in attendance so long as the patient’s 
condition requires it, and abandonment without leave or notice is 
inexcusable; it has been repeatedly decided that it is the duty of a 
surgeon to return after an operation to see how the patient is progressing, 
and that neglect to do so is a want of reasonable care and diligence.” 
As a corollary to this, in case of inforced absence, there must be a 
competent substitute." The principal is responsible for the acts of 
the substitute, unless he be a man of experience and in independent 
practice who must answer for himself.^^ 

(g) Must Guard His Patient Against Contagion. — This duty is 
imperative, and consists of care in the use of instruments and the 
acceptance of assistance; care of his own person, whether himself the 
subject of disease or a visitor to scenes of possible danger." 

(h) Intoxication, from any cause, while in attendance, if leading 
to injury or death, in some States will subject the surgeon to a charge 
of manslaughter; in others to a charge of criminal misdemeanor, while 
in all it would be regarded as negligence." 

(t) Communications Not Privileged. — A request to commit a 
crime, such as infanticide or abortion, must be firmly refused unless 
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necessary to save the life of the mother. The fact that such a request 
was made is not a professional secret which cannot be divulged.^* This 
does not mean that the surgeon is to act as a detective or as a volunteer 
witness or as an informer. He must use his eyes and ears, but need not 
use his tongue in officious questions if the request be indefinite. If the 
crime be already committed and he observes the evidences of crime or 
attempted crime, being himadf free from participation, he cannot avoid 
answering on the ground of privilege what a judicial officer, such as a 
coroner or committing magistrate, or the district attorney, may ask. A 
policeman or detective has not the right to interrogate him. If a sur- 
geon catches an abortionist, or observes facts which may lead to his 
detection, he should communicate them to the district attorney, but 
he should not tell what was told him by the patient unless it be a dying 
declaration. Privilege relates only to what is necessarily communicated 
by the patient to aid intelligent treatment:^' it does not cover crime. A 
mere apprehension that a crime may be intended (sails for nothing but 
a warning to the patient. Voluntary revelations of secrets are a bre^h 
of honor and an indiscretion, but information required by the law to aid 
public justice cannot be withheld.** (See Ante, Sect. I., Privileged Com- 
munications, et seq.) 

Restrictions on Liability. — The law does not require impossi- 
bilities. If a fracture cannot be discovered by a careful and skilful 
examination, because of conditions such as excessive swelling, the 
surgeon is not liable.*^ Nor does the surgeon warrant a cure.*" He 
may make a contract to do so,** but we warn him against such foUg. 
He never stipulates for success, at all events, and he is never to be 
tried by the defeat.** When he exercises his best judgment in a case 
of doubt, he cannot be held liable for want of success.** The implied 
contract is not to cure, to restore a fractured limb to its natural per- 
fectness, but to treat the case with diligence and skill. The fracture 
may be so complicated that no skill can restore original straightness 
anci length; or the patient may, by wilful disregard of the surgeon’s 
directions, impair the effect of his best conceived measures. He deals 
not with insensate matter, but he has a suffering human being to treat, 
a nervous system to tranquillize, and a will to regulate and control.** 
So, too, he is not responsible for an error of judgment, unless so gross as 
to be tantamount to a want of skill,** nor for violaiions of his instructions 
by a patient."* If a patient contributes to an injurious result by his own 
behavior, by disregarding or violating instructions, the surgeon is not 
liable; so, too, if the patient’s age or blood condition produces an 
unforeseen result.*® Nor where there is an intervening cause of death." 
Injury mvM result from negligence or unskilfidness of the surgeon, and 
the burden of proving negligence rests on the patient, who must be free 
from contributory negligence.** The surgeon may refuse proffered 
assistance; his refusal is an implied declaration of his ability to treat 
the case properly.** As has b«n seen (ante), he may refuse a case or 
withdraw on reasonable notice. 

Responsibility for the Acts of Others. — ^This section is of 
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vital interest to the profession, but it is impossible to be specific, as 
cases will differ radically in their facts, and situations will vary with 
locality or emergency. Generally speaking, no one is responsible for 
the acts of another unless that other be so far in the employment of 
the surgeon, or so far under his direction and control, as to make him 
or her a mere subordinate, or agent, or instrument of the surgeon’s 
will and judgment. Much will depend upon his opportunities of 
selection. If he selects his assistants and pays their charges or is 
responsible for their charges, he is undoubtedly responsible for all that 
they do or neglect to do. If they are in the exercise of an independent 
occupation, of fair reputation for skill and care, are selected by others 
and paid by others, and the surgeon has no reasonable opportunity of 
substituting others of his choice, it would take a strong case of negligence 
on his part to make him liable. If, on the other hand, he accepts those 
whom he knows to be unfit, or enters a hospital which he knows to be 
improperly equipped, and operates under conditions which his better 
judgment would pronounce to be unsafe, then, even though he had noth- 
ing to do with the employment or payment of nurses or assistants or 
the provision of instruments, he is negligent in accepting them and 
must take the risk. 

The following points have been actually ruled: He is liable for the 
acts of his partner,’* and if the partner dies, the action will survive 
against him. All surgeon partners are responsible for the negligence 
of any one of them in the partnership business.*" A surgeon is respon- 
sible for want of proper skill in his apprentice or chosen assistant.*' 
If he is about to operate at a hospital, he must know whether the 
hospital is equipped properly for such an operation, and he is charged 
with the responsibility of knowing that they are, at least, equipped up 
to the standard that the profession requires for the performance of such 
work. He must pass on the question of whether it is a proper place, 
and if he negligently makes a mistake, he is responsible. He may 
operate wherever circumstances compel him, and he may do the best he 
possibly can under the circumstances, and if he does that, and does 
it carefully, he is not responsible for disaster.** 

He is not liable for injuries resulting from too great heat in a bath, 
ordered for a patient, and left to the nurse to administer, if he was not 
present and did not assist in preparing the bath.** He is not responsible 
for the acts of parents who attempted to nurse the patient and did not 
follow directions.** He is not liable for the carelessness of nurses 
unless his own carelessness in neglecting to instruct them contributed 
to the injury.** He is. not liable for the negligence of nurses in a hospital 
over whom he has no control,** but he is liable for his own acts, although 
the acts of others may aggroivate the injury.** He is not liable for 
injuries caused by the negligence of one called to take his place.** No 
case has as yet arisen in which it has been definitely determined as to 
a miscount by nurses of instruments and sponges; nor as to the use of 
hot-water bags at the close of an operation. The question will turn 
upon the extent, under the eireumetanees, to which the surgeon ought to 
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supervise. If the treatment be so closely connected with the operation 
as to form a part of it, it would seem that the surgeon is responsible 
for a burn. Where a surgeon is summoned to a distant hospital and 
the local doctor or hospital provides the assistants, it may well he 
regarded, so far as he is concerned, as an emergency case, and in the 
absence of knowledge on his part of the unfitness of those supplied, it 
would require the strongest evidence of negligence on his part to hold 
him. Of course, negligent assistants, nurses, and anesthetists are 
themselves responsible if they be worth the suing. This is an inde- 
pendent and not a substitutionary liability. 

The desirability of insurance against these risks is a business question 
to be determined by the character and extent of the surgeon’s practice. 
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SUPFLEMENTARY MATTERS. 

Duty in Cases of Crime. — But little need be added to what has 
been said under Privileged CommunicaHona (p. 1182) to define the duty 
of surgeons where they are casually or professionally present at a scene 
of crime. In this respect they stand like all other citizens so situated: 
they owe a duty to the administration of justice, and mtiet apeak when 
called upon by the proper authoritiea. In abortions or attempts to kill 
or maim they should act as informers — not against their patient — ^but 
against an apparently guilty third party. But it is knowledge and 
not suspicion that is to be communicated. No ethical consideration 
can affect this duty. In woundings, not committed in their presence, 
surgeons know nothing of the circumstances, and cannot tell what the 
patient said unless it be a dying declaration. The common law does 
not allow privilege in any case; the statutes in most States confine the 
privilege to civil proceedings, and even in those States where the 
privilege is not so limited, these results are established: 

(a) Communications for the purpose of an unlawful act are not 
protected,* the only exception being that the life of a child may be 
sacrificed, when neceaaary, to save the life of the mother, and as to this 
there should be, if possible, a consultation — at all events, no aecrecy. 

(b) The privilege being for the welfare of the patient, cannot be 
invoked by the criminal by way of defense.* 

(c) 'After the commiaaion of crime, knowledge obtained from the 
sufferer during professional visits is privileged, if the patient be 
indicted.* 

(d) Whether the death of the patient would unseal the lips of the 
surgeon is undetermined, but it would seem that if speech cast dishonor 
on the dead, silence would be enjoined unless it impeded justice.* 

(e) The only places where silence can be broken are courts of justice, 
at coroners’ hearings, or before committing magistrates. 

(f) Nothing less than the interests of public juatice, as above indi- 
cated, will justify a breach of professional confidence or the disclosure, 
by means oral, written, or published, of professional secrets.* 

(g) A surgeon is not the gaoler of his patient, and hence, unless he 
should connive at an escape, he would not be responsible if a wounded 
man, imder his care charged with crime, should escape or jump his 
bail. 

Ethical Considerations. — ^The law has not spoken upon the 
matter of privale communications to partiea intereated, of the existence 
of secret, loathsome, and dangerous diseases in nurses, attendants, or 
those about to marry. The problem is ethical. There would seem 
to be but little difficulty, however, in sustmning the conclusion that 
the communication could not be regarded as a proper subject for legal 
condemnation, if communicated upon request or in confidence to the 
medical or surgical adviser of the innocent party. Similar confidential 
communications are often made respecting the integrity and capacity of 
proposed employes, without the risk of damages. A statement as to 
syphilis in a nurse made to the parent of an infant would be proper; 
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but a statement to the father of a bride to be as to disease in the 
husband to be stands on no legal gi*ound of duty. Ethics must govern. 
At present the function of the surgeon is to treat, rather than to pre- 
vent, except where his duty is clearly defined by health regulations. 

Business Considerations. — The surgeon should keep books in 
which to enter his charges for services; the entries should be made 
daily, under the exact date, and show the name and residence of the 
party charged, the character of the service, and the amount of the 
charge. No hieroglyphics, abbreviations, or unintelligible marks 
should appear. If the party charged should die, and a claim be made 
against his or her estate, the books, if not daily records, or if unintel- 
ligible, would be useless as evidence, and the claim be lost, because a 
living claimant cannot i)ersonally testify against a dead person. The 
contest would be unequal. If properly kept, the books would sustain 
the claim. 

The person to whom the service is rendered is the party primarily 
liable. A husband is responsible for the services rendered to his wife 
unless she be separated from him without just cause. A father is 
responsible for necessary services rendered to minor children; if the 
father be dead, the mother is liable if she have a separate estate and the 
minors have no estate; if there be such an estate, the bill should be 
sent to the guardian. No one is responsible for the debt of another 
unless he agree to be so in writing, signed by him or by his duly author- 
ized agent. A mere messenger to call the surgeon is not responsible 
for the bill; an employer is not liable for his injured employ6, unless 
he say in plain terms, ''attend my employ^ and charge the bill to me.'* 
If he say, "attend him, and if he does not pay you, I will,” he is not 
responsible unless the engagement be in writing. 

The Employers' Liability Statutes do not make the employer liable 
to the surgeon. Though surgeons' bills often constitute an item of 
damage in a suit brought by an injured employ^, yet the liability of 
the employ^ to the surgeon is direct — and legally the surgeon and the 
employer are strangers to each other, unless there be such an arrange- 
ment as is stated in the preceding paragraph. 

Drawing Wills. — Nothing but grave emergency will justify a sur- 
geon in drawing a will for a patient. If legal assistance can be had, it 
should never be dispensed with. If the testator be in articulo mortis, 
write down the exact words as dictated, have the testator sign at the 
end of the writing in the presence of at least two subscribing witnesses, 
free from the taint of interest as legatees. Never be persuaded to write 
a will under which you. are a beneficiary. Remember your relation to 
a patient is like that of a spiritual adviser or lawyer, — a confidential 
one, — and the law will not permit confidential relations to be abused. 
The burden of explaining away an advantage to yourself is often too 
heavy to be carried, and defeat and disgrace follow in the court all such 
efforts to profit by the weakness of the patient. A grateful patient 
may reward a surgeon by a legacy, but let a stranger’s hand draw the 
will in the absence of the legatee. 
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It is proper to act as a aubaenbing vrUneaa to a will in which you are 
not interested, if requested either by the testator or the legal draftsman, 
but remember that you should not do so unless satisfied of complete 
testamentary capacity and can withstand cross-examination on that 
point. 

Never intrude a non-professional stranger as a witness to an 
operation where exposure of the person is involved. Such an act, 
in a confinement case, mulcted an obstetrician in damages.* 

The Law of the Road. — ^The surgeon, driving himself, or driven 
by his own coachman, is responsible for careless driving. He has no 
right, while endeavoring to relieve an injured person, to add to the list 
of casualties. He has no right of way, such as a patrol wagon, or a 
hospital ambulance, or a fire engine, all of which give loud notice of 
their coming. The rights of others on the road, and of pedestrians at 
crossings, are equal to those of the patient, and the sound man should 
not be maimed for the benefit of one already injured. Of course, other 
drivers and pedestrians are bound to be vigilant and careful. If both 
colliding objects are at fault, there can be no recovery from either. 
The legal rule is that all persons on a highway must exercise the caution 
and care which an ordinarily prudent person would exercise under Ike 
eireumatancea. A pedestrian ought not to walk right in front of an 
approaching carriage, or take the risk of getting across in time; on the 
other hand, no one has a right to drive over one, who, though on foot, 
has fairly started on a crossing to which he is entitled; crowded, narrow, 
or dangerous crossings must always be approached with care. 

Witnesses to Accidents. — Except to enable him to testify clearly, 
accurately, and impartially as to the circumstances, no surgeon, unless 
in the employ of the company sued, need busy himself in obtaining the 
names and addresses of witnesses to an accident, and even if he be in 
the employ of the company, he should be careful not to act as a partisan 
in securing evidence or working up a case for either side; nor should he 
attempt to negotiate settlements or pay money. The surgeon’s func- 
tions are not those of a claim-agent. If the accident be one in which 
the surgeon’s owi\ carriage is involved, it would be wise for him to 
secure the names and addresses of the eye-witnesses. 

Insurance. — The desirability of insurance, whether life, accident, 
health, or team insurance, or against the consequences of infection, 
presents a business question which each man must settle for himself 
according to his means and the necessity of indemnity against risks 
which are common and sufiSciently serious to deserve consideration. 
The character of the risks covered by policies depend on the language 
used, and the matter should be submitted to legal advisers before 
premiums are paid. 

Financial Arrangements. — ^This, too, is mainly a question of 
business, involvmg -^owledge of human nature and tact. Some 
people would resent an attempt to pin them to a bargain; others would 
prefer it. An oral contract is as legal as a written one, but the written 
one is always capable of easy proof, while the terms of an oral one may 
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be disputed. If there be room for sufficient distrust of the patient to 
suggest a contract, by all means let it be written. If the patient invites 
it, the way is easy, but the suggestion of it to one of means and character 
would be unwise. 
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CHAPTER LXXXV. 


THE LABORATORY AS AN AID TO SURGICAL TECH- 
NIC AND SURGICAL DIAGNOSIS. 

Bt William M. Latk Cofun, M. D., 

PUlLAUifiLPHlA. 


This article is not intended to present the various technical applica- 
tions of the pathologist and laboratory worker, but to indicate to the 
surgeon methods by which, in correlation with his usual resources, the 
laboratory may be found useful. A certain degree of familiarity with 
laboratory technic and methods is constantly helpful to the surgeon, 
and for such information he is referred to the works of Sahli,' Emereon,* 
Simon,’ Wood,^ and Lenhartz’; for more exact data concerning clinical 
diagnosis, Ogden’s* excellent work on the clinical examination of the 
urine will be found of value. For blood studies the monographs of 
DaCosta^ and Ewing* may be consulted. The necessary information 
in bacteriology may be obtained from the works of Kolle and Wasser- 
mann,* Mae(5,‘® Miquol and Cambier,*' Muir and Ritchie,** and McFar- 
land.*’ Mallory and Wright,** Lee,” Cattcll,*’ and several current works 
on pathology contain all the details of routine pathologic technic. 

For the purposes of this paper I shall consider— (1) Laboratory 
control of operative technic. (2) Procuring and handling specimens 
intended for laboratory diagnosis, with suggestions as to technical 
points. (3) Definitive preservation of specimens for the museum and 
for teaching purposes. 

Laboratory Control of Operative Technic.— It is the experi- 
ence of almost every surgeon that, at some time during his career, 
infections occur in such numbers as to indicate strongly some defect 
in technic. When such misfortune befalls an operator, it becomes 
necessary for him to investigate his methods, conducting the inquiry 
in as orderly a manner as circumstances will permit. Experience has 
established that in many instances the difficulty results from imperfect 
sterilization of the hands of the operator or assistant. For the purpose 
of determining this source of error, or for guarding against it, the skin 
of the hands, and preferably the fingers, especially the subungual spaces, 
should be examined. A culture-tube containing sterile bouillon and 
possessing a diameter sufficient to admit a finger is selected; the sterile 
cotton plug is removed and the lip of the tube disinfected by passing it 
through the flame of a Bunsen burner or alcohol lamp; the fingers, one 
after another, are introduced into the tube, which is so tilted as to 
bathe the digit which is sloshed about in the fluid and rubbed against 
1108 
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the wall of the tube, thereby introducing any bacteria which may be 
adherent to the finger or contained in the epithelial cells detached by 
friction against the inner wall of the tube. The cotton plug is quickly 
restored and the tube labeled and forwarded to the laboratory for 
incubation. As this method often fails to remove bacteria deposited 
under the nail and dislodged with difficulty, it is advisable to make 
cultures directly from the subungual spaces; for this purpose a heavy 
platinum wire — readily sterilized by flaming — may be passed under 
the nail and around its margin and washed off in the sterile bouillon.*’ 
In a similar manner sterile hard-wood sticks— preferably orange wood — 
may be used to clean the nails, after which they are thrown into the 
bouillon. The objection to articles of vegetable material lies in the 
great difficulty in securing primary sterilization. A growth in any of 
the culture-tubes indicates inadequate disinfection, but it is important 
to <letermine the nature of the growing organism, as the clinical evidence 
— infection— must depend upon the presence of pathogenic, usually 
pyogenic, bacteria. During all these steps it is important that no 
germicide shall have been introduced into the culture-medium in suffi- 
cient quantity to inhibit the growth of any viable organism. In 1903 
Professor Keen introduced this method into the clinics of the Jefferson 
Medical (yollego Hospital and found it an efficient control, especially 
for assistants and nurses, upon any one of whom a succession of posi- 
tive findings would cast a distinct reflection. Cultures were taken 
from the hands of the surgeon and every assistant and nurse at all 
the weekly clinics in his service. The following table shows how such 
a record may be kept; a growth is indicated thus + : 

RESULTS OF BACTERIOLOGIC EXAMINATION OF HANDS-SURGICAL 

CLINIC.' 


Inoculations kiiom 
Hanon of 


January. 


Fburuabt. March. 


Surgeon A. . . 
Surgeon H . . 
Surgeon C. . , 
Suigeon D. . . 
Surgeon E. . . 
Nurse 1 
Nurse 2 
Nurse 3 
Nurse 4 
Nurse 5. 
Nurse 6. 


2 9 16 23 30 


6 13 20 27 6 13 20 27 

_j- — — — — — — 




+ — — 
— + 
- - + 




It may also be important to determine whether the preparation of 
the field of operation has been such as to produce a sterile surface. 
In order to test this a sterilized cotton swab is rubbed briskly over the 
skin and then placed in bouillon, or the sldn may be scratched or scraped 

’Negative - ; Positive +. 
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and the fragments so obtained introduced into the culture-medium. 
Epithelium almost constantly contains bacteria not reached by any 
known method of cutaneous disinfection, and, therefore, the second 
test usually yields positive results; where, however, the scraping has 
been light and superficial, a negative finding should be obtained. 

It is also necessary from time to time to investigate the sterility 
of instruments and materials used during operation. Instruments may 
be moved to and fro in sterile bouillon or allowed to remain in the 
medium for at least half an hour. Fragments of dressing material, 
gauze sponges, catgut, and silk or other suture and ligature substances 
may also be placed in the bouillon and kept under observation for a 
sufficient len^h of time for the growth of any contained viable organ- 
ism. It is especially with regard to catgut, silkworm-gut, and tendinous 
substances that the greatest care is necessary; catgut exposed to the 
action of body juices usually softens and eventually disintegrates; such 



Fxa. 538. — Capsules foh Controllino Thermal Disinfection. (Exact Rise.) 

These capsules consist of a firm outer shell of glass containing a fusible metal and as little 
oxygen as pomible. They are placed in packages with the fusible metal at the upper end. 
After sterilisation, if the penetration of the heat has been adet]uate, the metal will be found at the 
lower end of the capsule. Opsules containing shaped ma8se.<) of metal miw also be used. They. 
posseaH no great advantage and are expensive, because a new one is required for each sterilisation. 
The capsule represented in the illustration can bo used a number of times. 

softening and disintegration do not take place in the usual culture- 
media, particularly those containing sodium chlorid, and for this reason 
the test-tube experiment is not exactly comparable to the results 
obtained in wounds. Hallion and Carrion" have called especial atten- 
tion to the difficulty in removing from catgut residual disinfectant and 
securing in cultures sufficient disintegration to liberate contained bac- 
teria; they recommend that the gut be transferred from tube to tube 
through at least three passages, thereby removing any adhering anti- 
septic, and facilitating the swelling and separation of the tightly 
compressed strand. The test should not be restricted to a single frag- 
ment or even a short piece, but should include a number of specimens 
from different strands. The fact that catgut and similar substances 
may contain anaerobic bacteria, such as the tetanus bacillus and 
organisms of acute gaseous gangrene*' and gangrenous suppurations," 
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renders it necessary to determine the presence of pathogenic anaerobic 
bacteria, which may be accomplished by the usual anaerobic methods. 
In certain instances animal inoculation is necessary. 

A not infrequent source of failure to obtain asepsis is the inadequate 
heating of bundles and packages in various sterilizing devices. This 
danger may be partly overcome by the use of properly placed registering 
thermometers, or by glass capsules (Fig. 538) containing fusible 
alloys, the melting-point of which corresponds to the temperature 
desired.^ 

An occasional source of infection is tlie incomplete sterilization of 
water used in the preparation for operation or in the operating-room. 
Of the many devices supplied for the purpose, none is absolutely free 
from the dangers of faulty technic. For determining the efficiency of 
such sterilization 2 to 3 cc. of the susf^ected water should be added to 
bouillon and the resulting mixture incubated. Normal salt solution 
and other artificial sera may be similarly studied. When examining 
antiseptic solutions it is well to bear in mind that some waters contain 
substances that render inactive the agent upon which effectiveness 
depends and also that mistakes in compounding are possible. In either 
ease the fault may be detected by the methods commonly employed for 
testing the efficacy of disinfectants. Klein“ has pointed out special 
sources of technical error. 

Procuring and Handling Specimens Intended for Laboratory 
Diagnosis, with Suggestions as to Certain Technical Points.— 

To the surgeon anxious to improve his diagnostic skill nothing is more 
important than the careful examination of s{)ccimens during and after 
removal; the information secured in this way may be rendered more 
valuable by correlating the data obtained by macroscopic examination 
with those secured through a careful histologic study. As Bloodgood®^ 
wisely observes, “the surgeon of the future must be his own patholo- 
gist,” In no way may diagnostic skill be more rapidly advanced than 
by a careful and judicious comparison of clinical facts with the morbid 
anatomy, including the morbid histology, of excised tissues, and to 
these should be added a properly conducted bacteriologic investigation. 
There can be no doubt but that the best results are to be obtained by 
the cooperation of surgeon and laboratory technician familiar with the 
methods of investigation especially adapted to any particular case. 

The modern methods of laboratory research have become, to a 
large degree, highly specialized, and partake of the nature of chemical 
and physic^ examinations as accurately conducted by specialists in 
those departments of science. So far has this method advanced that 
even the staining of tissues is now known to be a definite chemical 
process, the best results afforded by combinations and reactions as 
accurate as those utilized by the chemist for the separation of arsenic 
from organic compounds. A misstep in the preliminary treatment of 
a specimen may forever preclude a complete microscopic examination. 

The specimen sent to the pathologist should be accompanied by 
specific data stating what th^ specimen is or what it is supposed to 

VOL. V— 76 



1202 LABOBATOBT AS AID TO SUBQICAL TECHNIC AND DIAGNOSIS. 


be, its origiii, whether obtained antemortem or postmortem, the date 
and hour of its removal, the name, age, sex, social condition, nativity, 
nationality, color, occupation, and race of the patient. The clinical 
diagnosis, or at least a suggestion as to the nature of the lesion, should 
also accompany the specimen. If the material has been submitted to 
the action of any chemical agent, or is transported in any medium, the 
pathologist should be advised. The inexperienced sometimes surround 
the specimen with an air of mystery refusing all clinical data, and often 
fail to state from what part of the body or from what organ the speci- 
men was obtained. In such cases the pathologist must roam through 



Fio. 539 . — Warbbn'8 
Stkkilixed Tistaiv 
TUBE Containing 
Swab. (Mallory 
and Wright.) 


the domain of conjecture and, by a circuitous route 
arrive, if possible, at some conclusion. 

In many instances it is wise for the surgeon 
and pathologist to consult as to the probabilities, 
and in advance decide upon some line of study sug- 
gested by the evidence. For example, in elephanti- 
asis of the scrotum, or in lymph varix, a careful 
dissection of the excised tissue may disclose an adult 
filaria which in the fresh specimen may be floated out 
in saline solution and fully studied; after indiscrimi- 
nate incision or definitive fixation such a result is 
scarcely possible. Certain substances are specifically 
adapted to definite fixation and preservation of par- 
ticular structures, and yield satisfactory results when 
examined by one method, but are unsuited to any 
other. For these reasons the primary treatment of 
a specimen may determine the technical limitations 
employed in the laboratory. Just as the chemist 
wishes material in its raw state, unchanged by 
treatment, so the pathologist should be unfettered 
by the injudicious application of agents that may 
deleteriously influence or render impossible a special 
line of investigation. 

Material intended for bacteriologic study must 
be collected in such a way as to preclude accidental 
contamination — the addition of extraneous organ- 
isms — ^which may invalidate the diagnostic conclu- 
sions indicated by the findings. One of the com- 
monest sins in this respect consists in sending to 
the laboratory specimens of urine, pus, or other 


fluids in unsterilized contmners (bottles, etc.). Fxcised tissues after 


handling by infected hands, or deposited on bacteria-laden tables, or 


wrapped in paper or other germ-carrying material, can scarcely, yield 
a satisfactory or trustworthy result. The bacteria derived from such 


murces are commonly rapidly growing saprophytes that, when sub- 
jected to cultivation, outstrip the pathogenic organisms with which 
th^ are mix^, and often preclude isolation of members of the latter 
group. Specimens supposed to contiun germs diflicult to obtiun in pure 
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culture, such as the gonococcus, meningococcus, and tubercle bacillus, 
require the greatest care. Contamination also interferes with A.niwp .T 
inoculation; a specimen supposed to conttun tubercle bacilli may be 
rendered useless for inoculation by the introduction of pyogenic cocci 
that kill the inoculated animal before experimental tuberculosis has 
time to develop. Another all-important consideration is the exclusion 
of antiseptics which may kill contained bacteria or be carried into 


culture-media and inhibit growth; for this reason containers (bottles, 
etc.) used for collecting specimens to be ex- 
amined bacteriologically should be sterilized by 
heat and not by chemical means. 

For the collection of material for bactcrio- 
lo^c examination an ordinary test-tube, plugged 
with cotton and sterilized, may be used. It is 
somewhat unwieldy, and the inexperienced often 
find the introduction of fragments of tissue or ^H| 

fluids difficult. The sterile tube containing a 
swab (Fig. 539) is more convenient; by rubbing 
the swab over infected surfaces and then apply- IK 

ing it to the medium in a culture-tube, an inocu- Km ? 

lation is readily made. It should be prepared by 
tightly wrapping the tip of a stiff aluminum wire 
with absorbent cotton and applying a second 
mass of the cotton of sufficient size at a point W] 

where, when introduced into the tube, it will act S' 

as a closely fitting secure stopper; the tube con- S' 

taining the swab should be sterilized in the hot-air 
oven at 140° C. for twenty minutes. The de- 
vice for collecting fluids (Fig. 540) consists of a |f:%4 

dropper and tube; the rubber of the dropper K*'"; 

precludes hot-air sterilization; steam may be 
used or the glass and cotton parts may be fi<.. 540 .-appa«atu»«« 
sterilized in the hot-air oven and the rubber part jKSnoSaTO^^uiwT 
in steam, the two being assembled immediately (Maiioiy wid Wngiii.) 


upon removal from the sterilizers. 

Inoculations may be made with the ordinary platinum wire mounted 
in a glass rod, a sterile knife, ligature carrier, or probe, preferably 
sterilized by heat, heavily laden with the suspect^ material, and 
rinsed off in the sterile bouillon or other liquid medium, or rubbed over 
the surface of agar or some form of solidified blood-serum. Frequently 
the bacteria are not numerous, and often when plentiful all do not grow; 
it is, therefore, important that an abundance of material shall be 
planted; furthermore, a large quantity enables the laboratory workw 
to make other inoculations whenever the medium primarily used is 
not adapted to the growth of the organism thought to be present. 

The best bottles for collecting aseptic material are those shown in 
Figs. 541 and 542. The former, known as the aseptic bottle of Lafay, 
possesses a carefully ground overhan^ng mushroom stopper and a ring 
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on the side of the neck, rendering it possible to tie a pad of sterile gauze 
over the stopper, which is thereby kept in place, and at the same time 
infection of the lip of the bottle is rendered improbable; the interior of 
the bottle is without angles and inaccessible corners diflScult to clean; 
the most convenient capacities are 50 and 100 cc. The chemists’ 
weighing bottle (Fig. 542) is small, light, easily dipped into cavities, 
and readily cleaned and sterilized. In the absence of such ideal 
devices ordinary glass-stoppered salt-mouth bottles thoroughly steril- 
ized may be used. 

For convenient transportation of media, sterile tubes, bottles, etc., 
wire baskets (Fig. 543) are most useful. A towel is placed in the 



Fjq. 541. — The Aarptic Botti^e ok Lakat. Fig. 542. — Chemibtb' Weighing Bottle, 
(Two'thirds natural niae.) Especially Aiiapted to Collecting Fluioh. 

The mushniom stopper may lie secured in It is made of test-tube glass, may be steri- 

place by; a hood of sterile gause, tied in position Used by any satisfactory method, and the 
by a string applied below the ring in the neck numbered stopper and body offer convenient 
of the bottle. aids in keeping records. 

bottom of the basket)^ to prevent jolts from breaking the tubes, and two 
superimposed towels drawn over the top and tied with a bow-knot, as 
shown in the illustration. The basket and its contents arc sterilized 
and sent to the operating-room; when the operation is about to begin, 
the knotted cord is untied or cut and the uppermost towel removed, 
leaving a single sterile towel that may be handled by the operator or 
his assistants, whose hands have been disinfected. A single basket 
may contain tubes of different media, either labeled, which is difficult, 
or indicated by spotting the cotton stoppers with drops of anilin dyes, 
always using the same color for each medium. Sterile tubes and bottles 
may be kept in the same basket. It is desirable, but not necessary. 
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that a fresh basket be available for each operation ; confusion is, thereby, 
avoided, and the tendency to accidental contamination lessened. All 
tubes and containers used should be labeled before being returned to the 
basket. Various forms of bacteriologic pocket cases or outfits have been 
devised, but 1 am unfamiliar with any that can be cordially indorsed. 

In every case spreads ^ of suspected material should be prepared, as 
— on account of cultural difiiculties or for other reasons — the bacteria 
present may not be obtained in culture, or the organisms that grow 
may not be the important infecting agent; this is especially true of open 
wounds and exposed ulcers. Spreads may be made on cover-glasses or 
slides; they must be thin and uniform, and should be at once forwarded 
to the laboratory. The cover-glasses may be sent to and from the 



Fig. 543. — Wire Baeket Containing Tuber of Media and Sterile CoLLErriNG Tubeh Prepared 

FOR Operating-room. 

laboratory in sterile tin ointment boxes, and the slides, after drying, 
may be wrapped in sterile gauze; in both cases labeling must not bo 
forgotten. A slide, one end of which is ground for easy pencil labeling, 
may be obtained from dealers; it is inexpensive and convenient, and 
may be cleaned and used repeatedly. \^en spreads are not made at 
the operation, they should be prepared in the laboratory immediately 
on receipt of the container, using for the purpose the excess of deposit 
insisted upon above. In addition to the information secured with 
regard to the bacteria present such films 3 deld valuable data concerning 
the contained cells and pigments, and may disclose ova or other ele- 
ments indicative of animal parasites; the amebic or echinococcal oripn 

* "Spread ” is a term used in the laboratory to defdgnate a layer of any sub- 
stance to be studied, Imd down as the thinnest possible stratum on a previously 
thoroughly cleaned cover-g^ass or slide. 
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of an hepatic abscess may, in some instances, be established by the 
examination of fresh or dried and stained films; for animal parasites 
the former are preferable. If, for any reason, cultures are not made, 
films may be of value in determining the presence of bacteria, and also, 
in a general way, the type of germ. Schauta, Howard A. Kelly, and 
Penrose have recommended the immediate examination of stained films 
and weighing the information so obtained when considering the neces- 
sity for drainage. The plan is defective in that dead or no longer 
viable or pathogenic bacteria may be found, but in the hands of discern- 
ing clinicians it possesses a certain value. Kelly^^ no longer uses the 
method. 

Tissues Removed for Diagnostic Purposes — Rapid Examina- 
tions. — In a small number of cases the surgeon wishes to learn the 
histologic diagnosis before proceeding to operation. For this purpose 
many methods by which small pieces of tissue can be removed have 
been devised. A harpoon has been used; Warren employed a punch 
resembling a cork-borer, which was thrust into the tissue, slightly with- 
drawn, so as to change the direction, and again pressed forward, thereby 
cutting off and withdrawing a cylinder of tissue which came away in 
the cannula-like instrument. Webb^ recommends a suction device that 
pulls up into the lumen of a tube a small piece of tissue, which is then 
snipped off. Schupfer*^® uses a trocar-like needle 8 cm. long and pos- 
sessing- an internal diameter 1 to 1 6 mm. This he attaches to a Luer 
syringe, and after the needle is passed through the skin the piston of 
the syringe is withdrawn, creating a vacuum, which, as the needle is 
thrust forward, leads to a piece of the tissue being pressed into its 
lumen. After withdrawal the fragment is ejected by air forced into 
the needle from the syringe. Probably no instrument is better than a 
sharp knife or a pair of scissors possessing knife-edges; in inaccessible 
cavities, such as the uterus, a curet may be employed or, for the rectum, 
a special type of scissors-like device. Gouges, punches, and similar 
appliances mash and distort the tissue, thereby rendering it unsuit- 
able for the best results. It is to be remembered that structure rather 
than cell is the important feature to be determined, and that any 
method that materially alters relations of elements— disturbing the 
architecture, if I may use the expression — is to be condemned. For 
the same reason the surgeon should avoid the cnishing action of forceps 
and handle the fragment with the greatest care. Many times the 
specimen is too small, is composed of blood-clot, or is necrotic and 
cannot be stained satisfactorily or does not represent the essential 
pathologic tissue, and in any case yields no conclusive result. That it 
is not representative is a frequent source of error, and the difficulty 
besetting the surgeon may be partly realized by the following case: 
A patient presenting a small ulcer on the tongue was admitted to the 
Jefferson Hospital, and the attending surgeon decided to subject a 
fr^ment to microscopic examination. The tongue was held and 
scissors applied for removal of a small piece, but an unexpected move- 
ment of the patient resulted in the excision of nearly the entire ulcer— 
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about 1 cm. in diameter. As is usual, the entire mass was cut in serial 
sections and every tenth to fiftieth section mounted and stained; one 
side of the ulcer was clearly cancerous, the other margin showed no 
evidence of malignancy. A small fragment or less complete examina- 
tion might easily have led to a wholly erroneous diagnosis. Uterine 
curetings are most troublesome in this regard. 

It is also important that the sections be cut in such a plane as will 
best disclose the pathologic condition, and especially, where possible, 
its relation to contiguous normal or but slightly altered tissue. For 
this reason the fragment should be handled by some one familiar with 
its surfaces, or, to use the proper technical term, one able to orient the 
tissue and obtain sections in the most desirable plane; in all cases this 
is advisable, in some not necessary, and in others impossible. Whenever 
possible the specimen should be sent to the laboratory immediately 
after removal and without treatment or handling. Small fragments 
should be forwarded in glass containers and not wrapped in gauze, 
cotton, or other material in which they are readily crushed, to which 
they adhere tenaciously, or are in other ways injured. Larger speci- 
mens may be wrapped in sterile gauze. When immediate delivery at 
the laboratory is not possible, the specimen may be placed in a solu- 
tion composed of commercial formalin, 10 parts, and water, 00 parts, 
in which fluid it may remain for a number of days without injury. 
When in doubt regarding the nature and extent of the investigation 
necessary, and circumstances are such that the specimen cannot be 
delivered to the pathologist at once, the surgeon should learn in advance 
exactly what fixing agent is to be used. 

Having obtained the fragment of tissue and knowing the importance 
of an early report, what method should be selected? After a long 
experience with freezing methods I think they may be condemned for 
this purpose, especially when, under proper conditions, paraffin may 
be satisfactorily used. Fix the fragment in a saturated solution of 
corrosive sublimate in alcohol for one hour; transfer for the same period 
to each of the following, in the order named: (1) Absolute alcohol; (2) 
absolute alcohol and xylol, equal parts; (3) xylol; (4) paraffin at 50®C.; 
(5) second paraffin at 50® C.; cast and ice; immediately section, mount, 
and stain. If the fragment be small, all the sections may be mounted; 
if large, every tenth or twentieth section is selected, and in either case 
a full view of the tissue is obtained, the entire process, occupying not 
more than six to eight hours.*’ For this work I wish especially to 
accentuate the value of serial sections: a large number may be more 
fully studied; different stains applied; bacteria sought, and the frag- 
ment so built up in the observer’s eye that the possibilities of a correct 
diagnosis are greatest and the opportunity for misinterpretation reduced 
to a minimum. 

Freezing methods have been strongly urged as applicable for imme- 
diate diagnosis of excised specimens and for diagnostic aid at operation. 
Since Cullen’s paper,*" the most important methods described are those 
of Cullen modified by Hodenpyl,** and the older freezing method 
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recently advocated by Shaw®* for rapid work, and the somewhat slower 
but far superior technic advised by Wright.®^ The methods used by 
Gutmann,** Stein,®® Pick,®* and Kent®® are preferred by some. A good 
freezing microtome — Bardeen's is best — and some experience in its use 
are necessary; the freezing may be accomplished by ether, rhigolcne, 
liquefied carbonic acid gas, or, as recommended by Cattell,®® ethyl or 
methyl chlorid. A few minutes' submersion in 10 per cent, aqueous 
solution of formalin is very helpful; if the specimen is to be taken from 
the operating-room to the laboratory, it may be kept in the formalin 
during the time necessary for its transportation; even in this brief period 
some fixation and hardening are possible. A drop of a syrupy solution 
of gum arabic is placed on the microtome drum, and in this the frag- 
ment of tissue is oriented; freeze and cut, and transfer sections to a dish 
of cold water in which they are separated. A selected section is dipped 
in alcohol and at once transferred to a dish of cold water, in which it 
floats and flattens out. A slide is dipped under the section, thereby 
lifting it out of the water, the excess of which is removed by bibulous 
paper or cloth. Hematoxylin and eosin may be used, but require more 
time than methylene-blue, as recommended by Shaw. 

For diagnostic purposes the freezing method cannot be considered 
satisfactory, and is far inferior to the serial sections recommended above. 
I know of a number of instances in which calamitous results followed 
the aeccptiince of such hurried diagnoses at operation. In spite of these 
sources of error, however, many surgeons, recently Lockwood®^ espe- 
cially, regard the freezing method as decidedly helpful. 

Urine, pus, exudates, and similar liquids should be sent to the labora- 
tory fresh, or, if some hours must elapse, the container should be placed 
in ice. If cultures or inoculations are to be made, no antiseptic is per- 
missible, and if chemical examination is desired, most preservatives are 
possible sources of error. Ogden®* concludes that the best preservative 
for urine is boric acid, in the proportion of five grains to the ounce; 
one drop of formalin to four ounces of urine may be tried; larger quan- 
tities are not permissible. 

The Definitive Preservation of Specimens for Museum and 
Teaching Purposes. — Specimens intended for permanent prepara- 
tions should be sent to the laboratory at once; icing, refrigeration, or 
preliminary treatment, of any kind is to be avoided. Immediately 
upon delivery the specimen is arranged just as it is desired to be 
exhibited; the surfaces are then gently washed to remove adhering 
blood, but must not be water-soaked. The entire mass is immersed in 
a fixing solution having the following composition: 

Formalin (any 40 per cent, aqueous solution of fonnaldc- 


hyd gas serves equally well) 250 cc. 

Potassium nitrate 10 

Potassium acetate 30 gm. 

Water 1000 cc. 


After from one to twenty-four hours, depending upon the size 
and especially its thickness, the specimen is transferred to a fresh 
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solution of the same composition, in which it is left for an equal period 
of time. The fixation fluid is i*emoved by washing in running water, 
or by several chants of water, for fifteen to thirty minutes, and is then 
developed by passing through two changes of alcohol. As soon as 
the color lost during the fixation is fully restored, the mount is removed 
from the alcohol, mopped with a towel, and placed in a final preservative 
composed of acetate of potassium aX) gm,, glycerin 400 cc., and water 
2000 cc. As prolonged immersion in any solution exerts a bleaching 
action, and as Littlejohn^® has shown that satisfactory preservation in 
air-tight containers is possible, the specimen may be placed in a jar 
and accurately sealed; aside from the condensation on the inside of 
the jar and the difficulty in retaining an air-tight seal, this method is 
fairly satisfactory. The best results are obtained by permanently 
mounting in rectangular jars in a medium composed of the final pre- 
servative mentioned above, rendered solidifiable by the addition of 
10 per cent, gelatin. As gelatin liquefies at comparatively low tem- 
peratures, it is necessary to add, immediately before use, 0.7.5 cc. of 
formalin to each 100 cc. of this mixture. The details of the method 
just given I have published elsewhere.^® 

Rowntreo,^^ after trimming and arranging the specimen, fixes it in a 
fluid having the following composition: 


Sodium sulphate 

Sodium chlurid 

Magnesium sulpliute 

Formalin 

Water to make 


20 gm. 
10 “ 
20 “ 
oO cc. 
1000 “ 


It is applied in practically the same manner as the fixation fluid 
mentioned above. For developing he uses methylated spirit diluted 
one-half with water during the fimt twelve to twenty-four hours, and 
later, for an approximately corresponding period, full strength. The 
specimen is then transferixKi to a solution consisting of sodium acetate, 
20 grn.; glycerin, 600 cc.; water, 600 cc., in which it remains two to 
three days, followed by pure glycerin for forty-eight to seventy-two 
hours, and finally is placed in paraffin oil, the liquid paraffin of the 
British Pharmacopeia. Dr. Howard T. Itarsner exhibited at the Phila- 
delphia Pathological Society a number of specimens prepared by this 
method. For the final preservative he uses an exceptionally clear 
paraffin oil called glycerinum petrae. The oil, like gelatinized solid 
media, does not extract the color and is much clearer; it appears^ 
therefore, to have some advantages. 
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CHAPTER LXXXVI. 

THE SURGICAL ORGANIZATION OF A HOSPITAL. 

By Albkrt J. Ochsnbb, M. D., 


Most surgical departments of hospitals at the present time must 
be organized with a view to supplying proper facilities for performing 
many varieties of surgical work by a number of relatively independent 
surgeons who are active in the same institution. The liest possible 
organization under such conditions must be exceedingly bad, because 
of the fact that there cannot be any individual system developed which 
will be acceptable to every one whose position entitles him to equality 
as regards authority. More than 95 per cent, of all hospitals, with the 
exception of private enterprises in English-speaking countries, are 
organized upon this plan of having a large surgical staff Without an 
active head, hence it will be necessary to plan the organization on this 
basis. 

The Visiting Staff and their Assistants . — The visiting staff of 
a hospital containing not more than four hundred surgical beds 
should never consist of more than four attending or visiting surgeons, 
in order that the patients may l)C directly under the care of men who 
have a sufficient amount of work in the institution to make it worth 
while to take a desirable amount of responsibility. If each surgeon's 
division contains more than thirty beds, it is well to conduct it as a 
separate unit, with a separate assistant visiting surgeon and a separate 
resident surgeon for each unit, because this number of patients is 
sufficient to keep one resident surgeon, reasonably engaged, and by 
making a separate department, there is a possibility of thorough sys- 
tematizing. 

The department should be organized as follows; one visiting surgeon; 
one assistant visiting surgeon; one resident surgeon for every thirty to 
fifty beds in the department. If the hospital is only large enough for 
one resident, his term of service may be for any desired time not to 
exceed three years. In case there are two, it is most convenient to have 
the service arranged for one year with a senior and junior service, a 
new resident surgeon coming on duty every six months. It will be 
equally convenient to have a longer service, one-half being given to 
junior, the other half to senior work. If three residents are required, 
it is well to arrange the service for eighteen months, with one new 
resident surgeon going on duty every six months. 
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The service of members of the visiting staff should be continuous^ 
in order that a uniform system may be developed. During the vaca- 
tions of the visiting surgeoni the assistant visiting surgeon will naturally 
continue the system of his chief, so that there will be no interruption 
in the development. 

In each department the responsibility should rest on the visiting 
surgeon, who should personally visit every patient three times each 
week at least, and should invariably examine every patient within 
forty-eight hours after admission, and as much earlier as possible. 
Either he or the assistant visiting surgeon should personally examine 
every patient who enters the hospital seriously ill at once upon admis- 
sion and before an operation is performed or active treatment is begun. 
In case neither of these surgeons is obtainable, then a visiting surgeon 
from another department sht)uld be called, who should take charge of 
the case temporarily in case an immediate operation must not bo 
performed. In case an immediate operation is indicated by the existing 
condition, then the patient should remain permanently under the care 
of the surgeon performing the operation, in order to make the after- 
treatment accord with the conditions required, as indicated by the con- 
ditions found and corrected at the time of the operation. 

It is important that these cases receive the personal attention at 
once of surgeons of experience, instead of being left during this critical 
period in the hands of inexperienced house officers. At this point it 
is well to state that the latter will profit much more by assisting their 
chiefs in treating these serious cases than if they were to undertake the 
treatment independently. 

In order that this duty of visiting the serious cases personally may 
not become too burdensome to the members of the visiting staff, the 
following system has been employed with great benefit. 

If there are four visiting surgeons, one treats all cases that come to 
the hospital directly, i. c., without being referred to the service of any 
particular surgeon, which are admitted from the first to the seventh of 
each month inclusively. The second surgeon treats all that are admitted 
from the eighth to the fifteenth inclusive. The third treats those that 
are admitted from the sixteenth to the twenty-second inclusive, and 
the fourth surgeon those admitted from the twenty-third to the end of 
the month. 

If the staff contains three surgeons, then the periods are from the 
first to the tenth inclusive; from the eleventh to the twentieth inclusive; 
from the twenty-first to the end of the month inclusive. 

If there are but two members of the surgical visiting staff, then the 
period should be during the first and second half of each month. 

Each surgeon can then be prepared to respond to emergency calls 
during his active period. He can arrange his other work accordingly. 
During the time he is not on active duty he can complete the treatment 
of the cases admitted during his. active period. He can operate on the 
cases referred to him personally and those sent to the hospital by 
himself. This plan greatly reduces the wear and tear, and still the 
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service remains continuous and enables the surgeon to establish a reason- 
able system, and at the same time the patients can be certain of com- 
petent care. At this point it may be well to state that many surgical 
hospitals or surgical departments of general hospitals suffer greatly 
from the fact that a great proportion of all acute, and especially of all 
emergency, cases are first placed under the care of inexperienced house 
officers, and that in many instances the most important work of making 
a diagnosis is left to these young men of considerable learning, little 
knowledge, very slight experience, and scarcely any wisdom. 

Every patient, whether he enter as an emergency case, suffering from 
an acute or front a chronic disease, should have the benefit of an inde- 
pendent, unbiased physical examination by the visiting surgeon. In 
order that this may not make the service of the resident staff unattrac- 
tive, it is well to have the admission of every patient at once reported 
to the senior member of the resident staff, whose duty it is to visit the 
patient immediately, write a careful history, make a systematic general 
and special examination, and make a diagnosis, which is recorded, not 
on the history sheet, but in a private record kept by the resident, in 
which he places, opposite the number of the patient’s history, his own 
diagnosis, and, later, the diagnosis of the visiting surgeon, and still 
later the final diagnosis as completed during further observation, at the 
operation or at the necropsy. 

This plan would eliminate errors in diagnosis to a very great extent, 
because the examination must then be independent and thorough, 
both by the chief and by his assistant, because anything which either 
may overlook will become a matter of record, and neither the chief nor 
his assistant can afford to have a record of an undue number of errors 
in diagnosis. Moreover, a rejmtation for careful examinations and 
accurate diagnosis is an important element in the successful organization 
of a surgical hospital, because the diagnosis is usually confirmed or 
disproved by the operation, while in the department of internal medicine 
this can be done positively, as a rule, only in cases which later come to 
necropsy. 

In connection with the discussion of the care of surgical emergencies 
it should be stated that the hours of duty of the house staff must be so 
arranged that there is always some one prepared to answer an emer- 
gency call, either in connection with patients that are already in the 
hospital or those that are to be admitted. 

In every case the senior member of the house staff should care for 
the immediate wants of the emergency cases, and in his absence from 
the hospital the one next in order as regards the period of service. 

Each resident should spend one hour a day out-of-doors, and it is 
well to have a regular schedule of evenings off duty, but the service 
is much better if too few eveninp are granted than if these are too 
numerous. 

If the members of the resident staff are given too much time off 
duty, they soon acquire outside interests and cease to carry a due 
amount of responsibility concerning their patients in the hospital. 
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In case an emergency or a serious operation occurs just before it is 
time for a member of the resident staff to be off duty, his personal or 
social engagements should not interfere with the best interests of the 
patient. If his junior cannot perform the necessary work as well, then 
the social engagement should be abandoned and the patient cared for 
precisely as would be the ease were the assistant in private practice 
and the patient his personal patient. 

A bulletin board should be provided at a convenient point, with a 
sliding register indicating which members of the house staff are in and 
which out, and a record should be kept by the clerk in the office indica- 
ting the time of departure and the time of return. Before leaving 
the hospital ,the senior assistant should inform the junior, and vice 
versa. Such a system does not involve much trouble, and it is of 
great benefit to the service. 

Methods of Electing Members of the Surgical Staff.— The most 
satisfactory results can be obtained if the plan is followed which has 
been employed in the large hospitals connected with university clinics 
in most of the countries in continental Europe. When a vacancy occurs 
in the head of a department, the other heads of the departments recom- 
mend to the governing board two or three names of men whose eminence 
has been thoroughly established by their scientific research and clinical 
work as assistants to great masters, under whose direction they have 
served at least five, and often as long as ten, years. These names are 
presented as first, second, and third choice. The governing body 
usually selects the first choice, but may select either of the other twa 
candidates. 

The result of this system insures for the head of the department 
a man of undoubted ability. 

He then proceeds to organize the staff of his department according 
to his own ideas, selecting his own chief assistant, and, with his aid,, 
the remaining members of his staff. He himself has been selected 
because of his especial qualifications, and must necessarily inspire his 
assistants v/ith the same spirit and desire for attaining excellence. 

In our system he would occupy the position of visiting surgeon, 
who would control the entire surgical department in a hospital of 
moderate size, or he might control only a definite portion of the surgical 
department of a larger hospital. 

The assistant visiting surgeon would occupy the position of the 
first assistant in a German clinic. He should consequently be a surgeon 
with from three to five years' practical experience as assistant in an 
inferior position. 

The resident surgeons would correspond to the third, fourth, fifth, 
etc., assistants in European clinics. 

Methods of Election of Residents, — In the election of resident sur- 
geon there should be an educational qualification required for eligibility: 

1. The applicant must be a graduate from some recognized medical 
school, and he must have passed the State examination, which will 
entitle him to practice medicine and surgery. 
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2, He must be of good moral character. 

3. He must establish his practical fitness for the position. 

Too much importance cannot be laid upon this point, because 
without it the service is sure to suffer severely sooner or later. A good 
method for establishing practical fitness for the work consists in choosing 
members of the resident staff from persons who have served for a period 
of three to six months in the capacity of externes. In this way only 
those whose service has proved their qualification can hope to receive 
appointment as residents, and this in turn serves the purpose of greatly 
improving the externe service. 

In the future there must be developed more and more a tendency 
toward the organization of hospitals of moderate size in every city 
and town. In these institutions there will probably be from thirty 
to one hundred, or, at most, one hundred and fifty surgical beds. The 
following diagram of authority will represent the ideal organization 
of the surgical staff of such a hospital: 

1. Visiting surgeon — in control of the entire department: con- 
tinuous service; period of service not to exceed twenty-five years. 

2. Assistant visiting surgeon — in control of entire department 
during vacation of visiting surgeon. First assistant in all important 
operations. In charge of night work and emergency cases when the 
visiting surgeon is not available. Continuous service. Period of 
service not less than five nor more than ten years, appointed by visiting 
surgeon. Qualifications: must have served as externe and as resident 
surgeon. 

3. Resident surgeon — one for every thirty patients: serves as 
second assistant for a period not less than one and one-half nor more 

' than three years. 

If the service contains more than fifty beds, there should be a first 
and second resident, etc., the service being divided into as many portions 
as there are resident surgeons, and with the completion of the service 
of the first resident surgeon, the second should he advanced to the 
vacant place and the third to the second, etc., and the vacancy in the 
lowest service should be filled by a newly appointed man. 

These residents should be responsible to the assistant visiting 
surgeon, and through him to the visiting surgeon. 

Qmlijicaiiona . — These men should be graduates in medicine from 
some recognized medical college. They should have successfully 
passed the State Board of medical examiners. They should have 
served satisfactorily in the capacity of externes for a period of at least 
three months, and, better, six months. They should receive their 
appointment from the visiting surgeon, who should take the advice of 
the assistant visiting surgeon, based upon his observation concerning 
the quality of service, render^ during the period of probation in the 
capacity of externe. The positions of externes may properly be filled 
by competitive examination. 

The duties of the resident surgeon should be those of second, third, 
fourth, etc., assistants. They should carefully record the histories, 
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make careful examinations of the urine, blood, excreta; assist in the 
preparation of patients for operation. Assist in operations and dressing 
of patients after operations. They should carry out the after-treatment 
under the direction of the assistant visiting surgeon. 

4. Externes — each resident surgeon should have one or two assist- 
ants, serving for a period of three, four, or six months. These young 
men should be recent graduates or senior students in some recognized 
medical school. They should serve as clinical assistants to the resident 
surgeons, without responsibility. They should not be permitted to 
administer any treatment independently. 

This general plan must result in as nearly a perfect organization as 
is possible under any given condition, because it contains all the elements 
which are employed in other successful human undertakings. The 
supply for recruiting the externes always exceeds the demand, 
and from these in turn the vacancies which occur in the resident staff 
can be satisfactorily filled. Among the relatively large number of 
residents, one is sure to find an extraordinarily capable man once every 
five to ten years to take the place of the assistant visiting surgeon, who, 
in turn, becomes the visiting surgeon in some other institution. 

If there is an out-patient department, this may be placed under the 
care of the assistant visiting surgeon, who may choose his assistants 
from the resident and externc staff. This makes the out-patient depart- 
ment permanently subordinate to the hospital proper. 

Hospital Conveniences. — It is important not to overlook certain 
elements which have an important bearing upon the surgical organiza- 
tion of hospitals, which in themselves really belong to the general 
administration and construction of hospitals. The element of com- 
petition has come to be of great importance in the successful organization. 

In order to secure a satisfactory organization, the hospital must 
furnish suitable facilities and conveniences at an expense which will 
make the service available especially to the very large middle class of 
the population, which is the most important class to be considered, not 
only because of its numeric significance but also because the world's 
work is done by this class, and because the surgeon's income depends 
upon this class. 

In order to accomplish this end, the hospital should be so planned 
that the greatest amount and the best quality of surgical care and 
comfort can be given to the greatest numl>er of surgical patients with 
the smallest expenditure of money. In order that this may be accom- 
plished, the hospital should be planned in a concentrated form, every 
portion of which has been carefully considered with the view of securing 
the conditions just mentioned. 

The institution should contain all the utilities required, but they 
should be so arranged as to secure the greatest possible amount of 
service in the smallest possible amount of space. 

In comparing the various existing hospitals in this country, statistics 
show that for conveniences that are approximately equal there is a 
very marked difference in the initial expenditure of money. 
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The two extremes may be found in two institutions which have been 
completed very recently, each containing every convenience and 
comfort that can be desired, both being constructed so as to be fireproof 



Pio. 544 .— Typical Floob por a Many-storied Hospital. 


in every detail, except doors and floors and window-frames, which need 
not be fireproof, from the point of safety. In both cases every room 
and ward has windows exposed to sunlight. In fact, any surgeon 
exaTnihifig either institution would consider every detail in itself as 
VOL. V— 77 
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nearly perfect as one might wish. Each of these two institutions 
accommodates sixty patients. There is, however, this difference: 
one was constructed at an expense of $48,000, while the other cost 
11,000,000, or a little over twenty times the first amount. In one 
case it costs $800 to house each patient; in the other case, $16,000. 

This has an important bearing upon the subject, because an appre- 
ciation of these facts will make the surgical organization of a hospital 
possible in any town or city in this country. 

In order to secure an economic, convenient, and efficient form of 
construction, it is well to adhere to the principle contained in the 
accompan}ring figures, representing hospital plans, which will admit of 
indefinite expansion. 

It will be seen, from Fig. 544, that this general plan places all parts 
of the hospital at the shortest possible distance from the service room, 
containing the diet-kitchen, medicine closet, ice-box, etc. It also places 
the general bathroom conveniently. The elevator is centrally located 
in a compartment entirely away from the hall, so that it causes no 
disturbance, and as this space is separated from the general hall, each 
floor is a unit in itself. This is a very important matter, especially 
if several surgeons are active in the same institution, because it is 
possible in this way to group the patients of each surgeon on a different 
floor and thus reduce the confusion incident to multiple authority to a 
minimum. 

If it seems desirable to provide baths in connection with the rooms, 
this can be accomplished as shown at a; or the rooms may be arranged 
without this convenience, as shown at b. 

Again, if it seems desirable to have wards in place of private rooms, 
the partitions marked c, d, may be left out. The space occupied by 
two rooms will then accommodate four ward beds. A single room may, 
of course, at any time be changed into a small ward by the introduction 
of an additional bed. 

It is well, ordinarily, in all surgical hospitals, with the possible 
exception of the large municipal institutions, to have none of the wards 
planned for more than six beds, because of the greater privacy and 
comfort afforded to the patients; because it facilitates the classifying 
or grouping of patients suffering from similar diseases, and because it 
makes it possible to place the patients belonging to the various surgeons 
in separate wards, thus preventing unnecessary friction. 

The advantage of placing patients suffering from similar diseases 
in the same ward is evident; since their care and treatment and diet 
must be cdmilar, there will be less jealousy between the patients, and 
the care of the assistants and nurses can be more readily systematized. 

Fig. 545 represents an ideal arrangement for the operating depart- 
ment for a surgical hospital of moderate size. 

A i^udy of this plan, for which I am indebted to Mr. M. .1. Sturm, 
hospital architect, will show that it contains eveiy desirable convenience, 
with perfect lighting, without the sacrifice of an unreasonable amount of 
space. 
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The various surgeons can readily arrange their days and hours 
for performing operations so that there will be no conflict. In case 
an emergency operation should occur during the regular operating 
hour of another surgeon, the second operating-room can readily be 
utilized for this purpose. 

In case it should become necessary to give an anesthetic to two 
patients at the same time, one could be given in the anesthetizing 
room and the other in the operating-room or in one of the recovery 
rooms. 

This department should invariably be located upon the top floor 
of the building, in order to prevent disturbance to the remaining 
patients in the hospital. 



Recovery rooms on this floor have been found to reduce the annoy- 
ance to the patients who are in the hospital and have already been 
operated upon, as well as to those that are waiting, to a very marked 
extent, because the rem.aining portion of the hospital is kept free from 
the disturbance of noisy patients recovering from the anesthetics, as 
well as from the disagreeable odors of the anesthetics. 

Operating-room.— The accompanying plan (Fig. W5) shows in a 
a very concentrated form every convenience desirable for the operating 
department for a hospital containing not to exceed two hundred sur- 
gical beds. For a very small hospital, one-half the accommodations 
contmned in this plan would be quite sufficient. 
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This plan provides for a building extending north and south, giving 
the operating-rooms proper a superb diffuse north light, which may 
be further augmented, if desired, by the addition of skylights also 
directed entirely toward the north. All the other rooms are supplied 
with sunlight, either from the east or the west, except the anesthetizing 
rooms, which have large skylights. 

The lighting of the hall is in no way impaired by utilizing the north 
end for a sterilizing room, because of its location between the two 
operating-rooms, for here again a large skylight can be employed. 

The instrument rooms arc large, well lighted, and convenient. 

The surgeons' dressing room, with toilet, shower-baths, and lockers, 
as well as the nurses’ retiring room, are conveniences of great practical 
value. 

All the doors are double swinging, in order that they will remain 
closed and will permit the passage of surgeons and nurses without the 
necessity of being touched by the hand. 

One of the most important features is the recovery wards, which 
afford more comfort to the remaining patients in the institution than 
any other convenience. At the same time the patients who have just 
been operated upon profit greatly by this convenience, because they can 
in this manner receive the especial care they require from especially 
experienced nurses, and the house surgeons can conveniently observe 
their progress by visiting this department repeatedly during the day 
of the operation. Again, this department is entirely isolated from the 
remainder of the house, not only by the fact that it is located on the 
top floor, but by the addition of properly placed swinging doors in the 
hall. 

Surgical Instruments. — It is best to secure a supply of instruments 
which will suffice for performing the operations required in the relief 
of the more common emergencies, but it is quite unnecessary to secure 
a very large number of instruments, and the expenditure of great sums 
of money in the purchase of expensive new and untried instruments 
is quite unnecessary. 

There should be a ftur supply of the instruments used in every-day 
surgical work, such as scalpels, scissors, hemostatic forceps, dissecting 
forceps, saws, probes, sounds, tracheotomy and intubation instruments, 
catheters, retractors, specula, needles and needle-holders, chisels and 
curettes, hypodermic and exploring syringes. In case an additional 
instrument is needed, this can readily be obtained in time for use. 

The best surgical work is being done with few instruments. 

At this point it may be well to direct attention to two points in the 
org^zation of the surgical service which, if adhered to, must result 
in much benefit: First, every member of the staff should adhere abso- 
lutely to his schedule regarding operating hours and visiting hours. 
This will facilitate the entire service enormously, and it will reduce 
the general wear and tear to a corrraponding extent. Second, a register 
should be kept of appointments for operations at irregular times, in 
which the appointments should be made in the order in which appUcar 
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tion is made for permission to use the operating*rooms outside of 
regular operating hours. Unless this plan is adhered to, there is invaria- 
bly an endless amount of confusion in this department, and this is 
certain to produce unsatisfactory results. A reasonable time should 
be allowed for doing the operation scheduled to begin at a certain hour. 

Any surgeon who will not adhere to these two conditions should 
not be permitted to remain upon the staff containing more than one 
active surgeon. 

Conferences. — In order that any surgical organization may be 
successful, it is absolutely necessary to have conferences of the staff 
from time to time, in order that unsatisfactory conditions existing in 
any individual department may be carefully adjusted. Much progress 
can be made in this manner and nearly all of the most annoying draw- 
backs can usually be eliminated in this way. 

Signing of Documents. — It is well to have a definite plan regarding 
the signing of certificates of various kinds, such as death certificates, 
certificates of personal injury, of refusal to submit to operation or 
other form of treatment, certificates stating the time the patient has 
been prevented from performing the usual work, or those stating the 
probable time of his disability in the future. 

The senior house surgeon should perform this service. He should 
always keep a copy of the certificate and, except on rare occasions, when 
a lack of time prevents this, he should read the certificate to the visiting 
surgeon before delivering it. Although this consumes a little time, the 
entire time consumed is much less than would be required to undo one 
blunder which may occur if this precaution is not systematically carried 
out. The approval of the visiting surgeon can be obtained by tele- 
phonic communication in case the document must be delivered before 
the next visit of the visiting surgeon at the hospital. 

In writing histories of patiente who arrive in the hospital in a serious 
condition, cither as a result of a personal injury, an assault, or from any 
other cause, it is most important that the house surgeon whose duty 
it is carefully to take and record the history be impressed with the 
importance of the utmost accuracy. If the data must be supplied by 
others, it is important to note their names. It is best to secure the 
name without laying special stress upon this fact, and then to be careful 
to note the full name and address before dismissing the informant. 
A small proportion of persons may be unwilling to be placed on record 
concerning what they know regarding such matters if one approaches 
them in a formal manner at once, before they have told their story. 
It is well to review the statement, especially in cases in which the 
condition may be due to an assault or to criminal negligence. A few 
moments of properly directed attention at this time will frequently be 
of more value than weeks of labor later on. 

These statements should, however, never be left on the bedside 
history boards, because great injustice may result from leaving such 
information open to the inspection of visitors. 

The legal chapter (pp. 1 180-1 197) will, of course, deal fully with queer 
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tions of a purely legal aspect, like the procuring of death-bed or ante- 
mortem statements. 

It may be well to caution surgeons never to call in nurses as witnesses 
except in cases in which this is done to protect the hospital itself. 

Too frequently great hardship is wrought to nurses who have 
innocently witnessed wills or statements, because they must later obey 
a subpoena at any time, without regard to the condition of the patient 
they may be nursing at the time their evidence may be required. This 
may result in great harm, not only to the nurse but also the patient. 

It is practically always possible to find some friend of the patient 
who is willing to act as a witness, and the slight amount of time this 
consumes amounts to nothing when compared with the trouble which 
is caused by following the opposite course. 

Ambulance Duty.^Everything I^ertaining to clothing and other 
objects which may have a bearing upon the circumstances which give 
rise to the patient’s condition should be carefully noted, although facts 
may later be produced which will make all these unnecessary. 

The same is true regarding the odor of the patient’s breath at the 
time of admission. 

The most common error in this direction comes from making a 
diagnosis of acute alcoholism because of the odor of whisky upon the 
breath of a patient brought into the hospital in a comatose or semi- 
comatose condition. This is due to the fact that it is a common practice 
of friends or others who are with persons who are suddenly taken seri- 
ously ill to induce the patient to swallow some brandy or whisky, 
because they imagine a stimulant is indicated. 

Patients suffering from apoplexy, cerebral hemorrhage, cerebral 
concussion due to traumatism, uremic coma, diabetic coma, illuminating 
or coal or sewer-gas poisoning, carbolic acid poisoning, or sunstroke 
have been mistaken for cases of acute alcoholism, because some mis- 
guided friend has supplied whisky which was detected upon the patient’s 
breath upon admission to the hospital. In order not to make these 
errors in diagnosis it is well invariably to bear the fact in mind that the 
breath is laden with odors of alcohol, but to reserve the diagnosis until 
all the other more common causes of unconsciousness or semi-uncon* 
sciousness have been eliminated. 

Uremia. — This can be most readily determined by securing a 
specimen of urine, if need be, with the catheter, and examining it 
quickly for albumin and tube-casts. 

By adding the test for sugar, diabetic coma can at the same time be 
eliminated. 

An ophthalmoscopic examination will show the presence of an 
albuminuric retinitis. 

Cerebral Hemorrhage. — ^There is usually in this condition a 
difference in the position of the extremities on the right and left side 
and a difference in the pupils. The arteries are usually markedly 
hardened. Many of these cases suffer simultaneously from chronic 
nephritis. 
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Apoplexy. — ^These patients have the appearance of a distinct class 
of patients in which this condition is to be expected. They show a 
severe congestion of the head, and the sclera show a marked congestion. 
One can usually elicit a history from friends of former milder attacks. 

Thrombosis of Cerebral Arteries.— In these cases a difference in 
the pupils is common, and there is usually a distinct cardiac murmur, 
indicating the presence of vegetations upon the valves or upon the 
endocardium. 

Asphyxiation by Sewer-gas ; Coal-gas from Furnaces or Coal 
Stoves; Illuminating Gas; Smoke in Case of Fire Formed from 
Burning Chemicals ; from Escaping Steam.— In all these instances 
the surgeon has the advantage of a history accompanying the patient, 
which will, of course, facilitate the diagnosis. These conditions have 
been very perfectly described by DaCosta.‘ 

Symptoms of Smoke Asphyxia . — The earliest symptoms of smoke 
poisoning are a feeling of suffocation, with ringing in the ears, nausea, 
headache, giddiness, and muscular weakness. At this point the skin 
and lips are livid, the eyes red and watering, the body and extremities 
cold and moist, and the pulse very weak and usually slow. In slight 
cases the respirations are rapid and deep, while in more serious cases 
they are very rapid and shallow. 

In the more severe cases the patient is totally unconscious. The 
pulse is very weak and fluttering, or may be imperceptible at the wrist. 
The extremities are very cold. The pupils are dilated and fixed, and 
there may be an absence of conjunctival reflexes. The respirations are 
extremely shallow, with distinctly gasping inspirations and long intervals 
between the respirations. The face frequently twitches, and the limbs 
may show tremor or even spasms. The eyes are prominent and suffused. 
The face and extremities are cyanosed; the cold cyanosed skin is covered 
with sweat. There is usually froth about the mouth. 

In the most severe cases the respiration has actually ceased, although 
the heart still beats. In these cases, besides an intensification of the 
symptoms already noted, there is involuntary evacuation of the urine 
and feces, and frequently bleeding from the nose and rectum. 

Treatment of Smoke Asphyxia . — “ When a surgeon on the fire ground 
assumes charge, if a fireman is brought out of the burning building 
unconscious from inhaling smoke, gas, or some irritant vapor, he should 
at once inquire of one of the officers of the fire department whether the 
building is filled with pure smoke, or whether the smoke is mixed with 
illuminating gas or irritating or poisonous vapors, and whether the 
smoke is hot or cold. If it is at a fire where a number of men are being 
overcome he should establish himself in an adjacent room to this building, 
where he can more satisfactorily carryout prompt means of resuscitation. 
Finally, each ambulance should carry, besides the ordinary emergency 
supplies, a can of oxygen, a bottle of vinegar, some dilute ammonia, 
and a number of mustard plasters." 

When a man is slightly overcome with smoke, he will recover with- 
out any treatment after sitting a while in the fresh air. His hands 
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should be rubbed and his face dried. It is well to encourage the patient 
to drink hot water freely to stimulate the action of the kidneys and 
to induce vomiting if possible. Under no circumstances should whisky 
be given by mouth, as it prolongs the nausea and adds to the giddiness 
and headache. If the circulation is weak and a stimulant is needed, a 
hypodermic injection of grain of atropin or ^ grain of strychnin 
should be given. 

When a man is severely overcome with smoke, he should be laid 
upon a blanket, and active treatment should at once l)e instituted. 
Artificial respiration should be made immediately, and should be 
continued until he breathes properly and has been restored to con- 
sciousness. If oxygen is at hand, this should likewise be administered. 
The cold ei^tremities should be actively rubbed, hypodermic injections 
of strychnin or atropin should be given, and a mustard plaster should 
be placed over the heart. The body and the extremities should be 
rubbed dry, after which he should be put to bed, covered with warm 
blankets, and surrounded with hot-water bottles. If the heart is weak 
and its teats are irregular, after the patient has been placed in bed in 
the hospital it is well to place an ice-water coil directly over the heart, 
but there should always be a piece of flannel between the skin and the 
coil, and the latter should be removed if the temperature becomes 
subnormal. He should at once be given an enema of warm normal 
salt solution or coffee. A hot bath is a very efficient remedy. Further 
treatment must be entirely symptomatic. 

Retention of urine may retiuire catheterization. Not infrequently 
there is a troublesome conjunctivitis, which is best treated by means 
of simple wet dressings of saturated solution of boric acid in water or 
by dropping a few drops of castor oil into the eyes. 

Asphyxiation Due to Illuminating Gas. — Ordinary smoke prin- 
cipally tends to produce asphyxia, associated, of course, with a degree 
of carbon-monoxid poisoning. However, the great majority of modern 
buildings are supplied with gas for illuminating purposes, and during 
fires the piping is often broken by falling timber or walls, or in other 
ways, thus adding to the danger that of illuminating-gas poisoning to 
that of the ever-present smoke. Asphyxiation in which illuminating 
gas plays an important part is, therefore, of fairly frequent occurrence 
at fires. These cases of asphyxia are not uncommonly met with in cases 
of attempted suicide. They are also quite common in vicinities in 
which gas is commonly used as fuel in dwelling-houses. 

Symptoms . — As a rule, the victims of gas are unconscious when 
brought from the burning building, or they may lose consciousness even 
after removal, which latter does not occur in simple smoke asphyxiation. 
Likewise, they do not recover consciousness as promptly as in the case 
of simple smoke asphyxiation. 

The poisonous effects of illuminating gas are due to the combined 
effects of carbon-monoxid and certain heavier hydrocarbon compounds 
(ethylene, propylene, butylene, ethane, propane, butane, etc.) known as 
illuminants. The toxicity of gases of different manufacture varies con- 
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eiderably, water-gas being relatively decidedly more toxic than coal- 
gas, probably due chiefly to the very much greater proportion of carbon 
monoxid which it contains. 

The diagnosis in the great majority of cases is based primarily upon 
the circumstances under which the patient is found, the presence of a 
strong smell of illuminating gas removing all doubt as to the etiology. 
Even after the removal from the original surroundings, the breath 
usually has a strong odor of gas for a considerable period of time. 

The clinical picture is distinctly that of a profound intoxication, 
possibly in part due to the substitution of carbon monoxid in place of 
the oxygen in the hemoglobin of the red corpuscles, but undoubtedly 
chiefly due to the direct toxic action of the carbon monoxid and certain 
hydrocarbon compounds upon the cells of the central nervous system, 
the effects in some I'espects being analogous to a profound anesthesia. 
The only diseases likely to be confounded with this form of poisoning 
are cerebral apoplexy and uremic coma. Should the physician not see 
the patient until the odor of gas has escaped, such a difficulty might 
arise. In both of these diseases the symptoms are fairly constant, 
while in coal-gas or water-gas poisoning they are apt to fluctuate, 
the patient frequently rousing for a time so as to answer questions 
intelligently, only again to lapse into unconsciousness, or he may be 
seized with convulsions. 

When first seen, these patients are nearly always comatose, and 
usually remain in this condition for an hour or more after discovery. 
Prolonged coma, lasting severai days and followed by recovery, is not 
at all unusual, and cases are on record in which the coma has lasted as 
long as eighteen days before death. 

In addition to coma there is almost invariably fever of an extremely 
irregular type, varying from 100® to 104° F. or even higher. The 
pulse-rate is usually rapid, being seldom below 120. The respirations 
are usually increased to 30 or more a minute, but in exceptional coses 
may be decreased to three to five beats a minute. 

Cyanosis may be marked, but is often masked by the presence of 
the carbon monoxid hemoglobinemia, which gives the skin a peculiar 
pinkish hue. During the stage of unconsciousness there may be con- 
vulsions of greater or less severity, and convulsive seizures may persist 
for several days. As the patient regains consciousness he may suffer 
from mental weakness, confusion of ideas, and loss of memory. How- 
ever, in the majority of these cases, there is a fairly prompt complete 
recovery without sequels. 

Evidences of pulmonary edema are very frequently present, and 
this complication is often serious. Death was said to be due directly 
to pulmonary edema in 5 of Pilcher’s* 6 fatal cases. 

Treatment . — ^The treatment must be the same in asphyxia from 
illuminating gas, whether this occur during a fire or by the inhalation 
of gas from an open gas-jet or leak or from coal-gas developed by a badly 
ventilated coal-stove in a closed room. In these cases more than in 
almost any other it is of the greatest importance that the treatment 
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be promptly instituted, vigorously executed, and persistently main- 
tained. 

He should inhale as deeply as possible, then blow out forcibly through 
a tube with a lumen of 2 or 3 mm. An ordinary goose-quill will serve 
the purpose. Then the patient should be permitted to rest for one 
minute, breathing natur^ly during this time, when he should again 
take a very deep breath and blow out through the same tube. If he 
does not regain consciousness, a stomach-tube should be introduced 
and the stomach should be filled with water at 105° F., this water should 
be siphoned out of the stomach and fresh water introduced and again 
withdrawn repeatedly. The stimulation from this procedure seems 
to be very beneficial, and it is likely that there is a considerable amount 
of excretion of waste material through the mucous lining of the stomach, 
which is removed in this manner. 

After completing the lavage, from two to four ounces of castor oil 
should be introduced through the stomach-tube and left in the stomach, 
in order to further facilitate excretion. 

He should also be given a subcutaneous transfusion of at least 1000 cc. 
normal salt solution at a temperature of 100° F., and one-fourth this 
amount of blood should be drawn from a vein. Direct transfusion 
of blood is probably even more valuable. Artificial respiration 
should be employed, with short periods of interruption, until the 
patient breathes fairly normally or until he dies. 

It should be borne in mind that these cases do not die rapidly when 
in the fresh air, but that they will certainly live for some time, and that 
they may rarely die at all from a brief immersion in the gaseous atmos- 
phere. The very bad cases of gas-poisoning in which the mortality 
is high are usually people taken from n)oms in which they have been 
breathing a gas-laden atmosphere for hours. These cases should be 
transported to the hospital at the earliest possible moment. 

Therapeutic efforts must be directed towaijl the elimination of the 
toxic agents and the meeting of special indications as they arise. 

The first consideration is an abundant supply of good air. In this 
connection oxygen inhalations would seem to be indicated, and good 
results from this measure are reported by Pilcher^ and others. In cases 
in which the respiratory rate is markedly decreased, artificial respira- 
tion should be especially resorted to and continued as long as necessary. 
Cases breathing only two or three times a minute have made perfect 
recoveries after prolonged artificial respiration. 

The most effectual way of combating the toxemia is undoubtedly 
by the free use of normal salt solution intravenously, subcutaneously, 
or by means of enemas, as indicated in any given case. Thompson,* 
after analyzing the results in 00 cases, treated chiefly at the Presbyterian 
Hospital, N. Y., strongly urges primary phjebotomy, followed by 
intravenous injection of normal salt solution, in every case in which the 
patient is unconscious and the pulse vigorous. He believes that this 
measure should be carried out thoroughly, removing from fifteen to 
eighteen ounces of blood, and following this by infusion of at least 
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1600 cc. of normal salt solution. This should be followed by further 
normal salt solution, given subcutaneously or per rectum. 

In the most desperate cases it may be justifiable to resort to 
bleeding and to the transfusion of human blood obtained usually from 
some near relative. It is claimed that whereas the infusion of normal 
salt solution brings about a distinct benefit, the benefit is likely to be 
but temporary, and that a much more prolonged favorable influence is 
obtained by the infusion of human blood. 

Ice-water sponges should be employed when the temperature is 
high, in addition to the ice-water coil over the hcai’t. They seem to 
exert a markedly beneficial influence as cardiac and respiratoiy stimu- 
lants, in addition to the effect on the temperature. 

If chlorin, the vapor of nitric, hydrochloric, or sulphuric acid or 
ammonia has been inhaled to any extent, the man's life will be put in 
deadly peril from edema of the glottis, and it may be necessary to do 
an immediate tracheotomy. It is needless to say that such cases 
should be treated by artificial respiration and stimulation, as outlined 
above, and removed to the hospitd at once. 

If ammonia vapor has been inhaled, vinegar should be inhaled. 
A few whiffs of very dilute ammonia should be given after the inhalation 
of acid vapors, and in the case of Cl and HGl the best treatment is said 
to be the inhalation of steam. 

If there has been exposure to the fumes of nitric acid, serious symp- 
toms may not develop for some houra after the exposure. 

Sewer-gas Poisoning.— The poisonous effects of the air of sewers, 
cess-pools, and privy vaults are due to hydrogen sulphid, ammonium 
sulphid, and other undeterminable gases, and to carbon dioxid and 
nitrogen. In many cases the asphyxiation is due solely to a lack of 
a sufficient quantity of oxygen, but the greater danger is due to the 
presence of the poisonous sulphids, and the possibility of their presence 
must always be kept in mind. 

Symptoms , — When the asphyxia is due entirely to a lack of sufficient 
oxygen, the individual suffers at first from a sense of discomfort, followed 
by muscular weakness, nausea, headache, profuse perspiration, cyanosis, 
rapid or slow pulse, and labored respirations, with, finally, uncon- 
sciousness and the development of anesthesia. Respiration may 
cease entirely an appreciable time before the cessation of the heart's 
action. 

Hydrogen Sulphid Poisoning. — When the gases are inhaled in a 
diluted condition, as when sewer-gas is inhaled, the condition is char- 
acterized by nausea, giddiness, cold skin, labored breathing, irregular 
action of the heart, severe abdominal pains, and, at times, convulsions 
or even delirium, with death by coma or in violent convulsions with 
tetany. In still greater dilutions the gas is said to produce sleepiness 
and later coma, death occurring without the restoration to conscious- 
ness. 

Treatment . — ^The proper treatment of these cases must depend 
ultimately upon the true cause of the asphyxiation. Careful inquiry 
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on observation should be made as to the nature of the gas inhaled, 
especially in regard to the presence of poisonous sulphid. 

In all cases the first consideration is an abundant supply of oxygen 
by inhalation. The patirat should be removed at once to where he 
can have an abundant supply of fresh air, and artificial respiration 
should be maintained until the patient breathes properly, and, if nec- 
essary, until he has regained consciousness. As soon as the breathing 
becomes satisfactory, he should be wrapped in a warm blanket and 
taken at once to the hospital, where, on admission, he should be rubbed 
dry and put to bed, covered with warm blankets, and surrounded with 
hot-water bottles. 

In cases of simple asphyxiation an enema of normal salt solution or 
of hot coffee should be given, and, further, the patient should be treated 
purely symptomatically. 

In the presence of poisoning by sulphids, coma and other alarming 
symptoms are liable to persist for some time, and special efforts should 
be made to eliminate the poisonous substance from the body. The 
further treatment in these cases should be carried out along the lines 
indicated under lUumimHng-gas Poisoning. 

Back Draft. — When a building becomes packed with smoke, this 
smoke contains unbumed combustible elements, and a sudden access 
of air will cause the smoke to take fire or explode, causing the dreaded 
and' deadly back draft, which is responsible for many deaths among 
firemen. A single inhalation of the burning vapor may cause instant 
death, and, at the very least, one exposed to “back draft” will be badly 
shocked and scorched, with immediate danger from edema of the 
glottis, and for days will suffer from burns of the skin, with inflammation 
of the respiratory passages and eyes. 

The treatment must be immediate, vigorous, and persistent, and 
corresponds to that which has been described under treatment for 
asphyxia. 

In case of edema of the glottis tracheotomy must be performed at 
once, but the friends of the patient must be distinctly told that this 
will only overcome the obstruction due to the edema, and that it will 
not relieve the other injuries deeper down in the respiratory tract. 

This is important because unreasonable friends and relatives will 
frequently refer the death, which may not be averted, by this step to 
the operation, instead of attributing it to the real causes. 

Cases Suffering from Burns.— OeneroZ Consideraiiona . — ^There are 
few accidents which combine so many unfavorable elements as do 
bums and scalds. Not only does this apply to the immediate conse- 
quences as regards mortality of the more severe injuries, but it applies 
likewise to the late results, which are liable to be bad, owing chiefly 
to the formations of contractures at the site of granulating surfaces. 

It is important to have the resident staff thoroughly trained to 
undertake the immediate care of bum cases the moment they arrive 
at the hospital, or as soon as they are taken in charge in ease the institu- 
tion supports an ambulance service; in order that this care should be 
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given intelligently, it is important that there should always be on duty 
a house surgeon who has acquired a sufficient amount of practical 
experience while on duty as externe or assistant house surgeon. 

In this, as in all other, work it is of especially great importance that 
some definite system be developed in order that the treatment may be 
given promptly and systematic^y. 

Treatment . — ^Treatment of simple, less extensive bums consists 
essentially in efforts to relieve the pain and in establishing the most 
favorable local conditions for the rapid repair of the tissue injury, and, 
above all, in securing the elimination of poisonous products which 
have accumulated in the tissues as a result of the destruction due to 
the sudden application of excessive heat. Pain is best relieved by the 
application of some form of dressing which will protect the part from 
exposure to the air. Strict asepsis is imperative, in order that the 
processes of repair can proceed without the complicating presence of a 
secondary infection. 

The above indications are met by the establishment of strict cleanli- 
ness and the application of mildly antiseptic substances, such as Carron 
oil, picric acid, the various antiseptic powders, zinc oxid ointment, etc. 
In the presence of infection moist antiseptic dressings, such as satu- 
rated solution of boric acid with the addition of alcohol, three parts 
of the former and one part of the latter, give the most satisfactory 
results. 

Apparently, the best results have been obtained in cases which were 
imm^iately immersed in a bath of water at 98® to 100° F., the water 
being renewed frequently enough to remain pure. The entire body 
may be immersed, only the head protruding. The body should be 
supported by a gauze sling, and the bath-tub should be covered by a 
thick sheet to prevent drafts. This treatment can be improvised in any 
hospital by using the ordinary bath-tubs, or by using any one of the 
many forms of portable tubs which are in use, but it is, of course, more 
convenient to have baths especially arranged for the treatment of these 
cases. 

Aside from the local treatment, cases of the more extensive burns 
require, during the first stage, treatment directed toward combating 
the shock. In this connection the pain must be controlled by the 
use of sufficient quantities of morphin. Normal salt solution should 
be freely given per rectum and subcutaneously. There is no form of 
treatment more useful in these cases than the immediate use of subcutan- 
eous transfusions of normal salt solution in quantities up to 1000 cc. 
every eight hours in these cases. It serves to supply ,the necessary 
fluid to fill the blood-vessels, it dilutes and eliminates the poisonous 
substances in the tissues, and it relieves the patient from taking nourish- 
ment by the mouth until the lining of the alimentary canal has recovered 
sufficiently to be able to take up, in part at least, its physiologic function. 
Strychnin, Adrenalin, and other stimulants may be used as indicated. 

During the second stage meningeal congestion may be reliev^ 
by the local application of cold. Every effort should be made to aid 
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in the dimination of toxic materials, chiefly by the free use of water 
internally. Other conditions must be treated symptomatically. 

During the third stage it is essential that there should be free drainage 
and no absorption from the suppurating surfaces. Liquids should be 
given freely. Nutrition should be maintained at the highest possible 
level, although the problem of nutrition is often complicated by the 
presence of duodenal ulcers or an acute enteritis. Great care should be 
taken not to give any food by mouth until the condition of the patient 
indicates that food can be assimilated. If food is given before this 
time, it will decompose, and the products of decomposition will be 
absorbed, which will further add to the burdens resting upon the over- 
worked organs of elimination. 

Sudden Insanity. — In case of sudden insanity in a patient who 
has been brought to the hospital for the treatment of some other lesion, 
the resident surgeon should first protect the patient against the danger 
of suicide during a paroxysm of mania. This can be accomplished by 
placing the patient in a room with barred windows, with which every 
hospital should be provided, or in an isolation room similarly arranged. 
It is equally important to protect the other patients against being injured 
or frightened by the insane patient. This can be most readily accom- 
plished by placing the patient in an isolated room kept for this purpose, 
or by placing the patient under the constant care of a specif nurse, 
who should never leave the room without being relieved by another 
nurse. In case these precautions cannot be taken, it is best to adjust 
a restraining apparatus which will keep him comfortably restrained in 
his bed until he can be removed to an asylum. When these arrange- 
ments are being made, the relatives or friends who are responsible for 
the patient should be notified, in order that they may take the respon- 
sibility of the patient’s care. 

If the patient has undergone an operation or is under treatment 
for fracture or for any other injury, steps should be taken at once to 
prevent the patient from doing anything that might interfere with the 
normal progress of the surgical aspect of the case. It may be necessary 
to keep the patient in the hospital for a considerable period of time 
until it will be safe to remove him to an asylum. The sooner this can 
be done, the better it is usually for the patient and his friends, os well as 
for the surgeon and the hospital, because of the better facilities for treat- 
ing the insane in hospitals or asylums especially organized for this 
purpose. 

In Cases of Murder or Suicide. — In cases of attempted murder 
or suicide the surgeon in attendance is liable to be called upon to give 
testimony in regard to facts concerning the patient’s condition which 
may come under his observation, and it is desirable that accurate data 
regarding all observable findings should be kept as part of the case 
record. In addition all data should be obtained from the patient or 
others having a knowledge of the case which might aid the surgeon in \ 
making a correct diagnosis. In order to obtain a correct conception 
of the form and scope of this portion of the records which should be 
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kept, it is well to follow the principles laid down in the Ing fll chapter of 
this work. 

Thus, in gunshot injuries it is important that one should, if possible, 
learn the direction from which the shot was fired and also such data 
as may be obtained regarding the character of the weapon, the caliber 
of the bullet, and the distance from which it was fired. Accurate data 
regarding the location of points of entrance and exit of bullet wounds 
and any facts observed at the operation should be incorporated as part 
of the permanent case record, together with all the facts pertaining to 
the operative procedures themselves. 

In injuries the result of stabbing or cutting or of blows by blunt 
instruments, it is essential that a record be kept of all facts which may 
help the physician to form a correct conception of the nature and extent 
of the injuries, together with a record of the directly observable data 
concerning the anatomic and clinical features of the injury. An 
accurate record should be kept of all the steps taken during any opera* 
tive procedure, setting forth every detail. This should be written 
from the dictation of the operator at the time of the operation or 
immediately after its conclusion. 

In cases of poisoning it is essential that every means be exhausted 
to ascertain the chemical nature of the poison employed. This may 
often be quickly and certainly accomplished by inquiring for the bottle 
or receptacle from which the poison was obtained, and thus a great deal 
of valuable time may be saved. It is, however, important to bear in 
mind the fact that deception is often practised by persons who pretend 
to commit suicide for the purpose of frightening friends or relatives 
by emptying a bottle containing poison and leaving the bottle in a 
convenient place, to be readily discovered by the friends. 

The stomach-contents as removed by gastric lavage should be care- 
fully saved for immediate examination, if necessary, and for subsequent 
examination, which may be required for medicolegal purposes. Addi- 
tional data may be obtained by noticing the odor of the breath, stains 
of the mucous membranes, face, or clothing, and by examination of the 
urine and at times the feces. 

In cases received in an imconscious. condition, without an unmis- 
takable history of poisoning, it is necessary to rule out such common 
causes of unconsciousness as alcoholism, uremia, apoplexy, or concuwion 
of the brain due to falls or blows. Tto usually may be accomplished 
by a careful observation of the odor of the breath, the condition of 
the urine as regards the presence of albumin and oasts, the condi- 
tion of the extremities as regards paralyses, and the condition of the 
pupils. 

Means and Methods of Transporting Patien^— In the larger 
institutions which are supplied with ambulance service the methods of 
transportation must depend upon the principles which have been so 
thoroughly established of late in connection with the handling of 
patients in military service, which will be found in the chapter on that 
subject. In amallftr institutions and in hospitals in small towns which 
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are unable to maintain an ambulance service a most efficient system 
has been established in many parts of this country, which does not 
involve the expenditure of money on part of the institution and still 
serves to insure excellent results. 

In every town there is some enterprising person conducting a livery 
stable, who will supply an ambulance with horses and driver if the 
hospital will insure patronage and will supply the house surgeon who 
is to accompany the ambulance in its journey to the hospital with the 
patientl The hospital should have a number of hampers containing 
sterile sheets, towels, blankets, and hot-water bags pinned in a thick 
sterile sheet, and this in turn in a sterile canvas bag. It should also 
keep in readiness a surgical bag containing the necessary instruments 
for performing any emergency operation, such as tracheotomy or intuba- 
tion. It should contain hemostatic clamps, scalpels, dissecting forceps, 
catheters, needles, suture material, elastic constrictors, a stomach-tube, 
and an abundance of aseptic dressings and roller bandages. 

In handling the patient especial attention should be directed toward 
the disease or injury from which the patient to be transported is suf- 
fering. In this service promptness of action, attention to detail, and 
gentleness in manipulation are the important elements, but, above all 
things, it is important to have everything in readiness at all times, in 
order that hurried, inadequate preparation may never be necessary. 

With the use of proper stretchers, which are abundantly supplied 
by the various surgical supply houses, it is possible to carry a patient 
downstairs on ladders without danger of causing undue pain or producing 
injuria. It simply requires some experience and considerable judg- 
ment. The experience should be acquired by the resident surgeon 
during his service as exteme or assistant house surgeon. 

The same principles apply to all the manipulations which may 
become necessary until the patient has been comfortably placed in bed. 

In removing the clothing, care should be taken not to increase the 
existing traumatism in fractures or contusions especially. In case of 
open wounds, it is important to prevent infection during the removal 
of clothing. The same is true in case of burns and scalds. 

At this point it might be well to direct attention to the fact that 
great annoyance may be caused by the loss of articles of clothing and 
valuables ^longing to a patient who is brought to the hospital in an 
unconscious condition. All articles of clothing should be placed in an 
individual locker, and a list of the various articles should be kept in 
the office, a carbon copy of this list being placed in the locker with the 
articles. All valuables should be placed in a sealed envelop containing 
a list of the various articles, a carbon copy of which should be kept on 
file in the office. These objects should be delivered only to authorized 
persons who have been identified, and who should give a receipt for the 
articles. Envelops containing valuables should be kept in the vault 
or in a fire-proof safe. 

In conclusion, it might be well to direct attention to the most 
importimt features to be attained in the “surgical organization of a 
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hospital/' if this is to be successful under the conditions existing at 
the present time: 

1. There must be as nearly as possible a uniform system. 

2. This must be extremely simple. 

3. It must be sufficiently elastic to allow for the personal equation; 
which is always considerable in hospital staffs. 

4. It must provide for continuous service. 

6. It must establish definite lines of authority. 

6. It must have the quality of permanency. 

7. It must contemplate changes only after long-continued careful 
consideration. 

8. It must avoid the development of a form of routine commonly 
termed red tape. 

9. It must supply a plan by which those who are young in the 
service may obtain the necessary training to fill later the more respon- 
sible positions. 

10. It must supply the best conditions for the individual case under 
treatment at any given time. 

11. It must constantly strive toward supplying conditions which 
will provide the greatest good to the greatest numbers. 
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Abbe’s method of arteriorrhaphy, 133 
of removing Gasserian ganguon, 974 
Abdommal aorta, anewism of, ligation 
in, 312, 314 
ligation of, 704 

by transperitoneal method, 704 
through retroperitoneal approach, 
705 

Macewen’s method of compressing, 
189 

auscultation in gynecologic examina- 
tion, 362 

hysterectomy, 542 

mensuration in gynecologic examina- 
tion, 362 

palpation in gynecologic examina- 
tion, 361 

percussion in gynecologic examina- 
tion, 362 
prcj^nancy, 576 

section, local anesthesia in, 1072 
wall, operations on, local anesthesia 
in, 1070 

Abdominocervical Cesarean section, 485 
Abdominorectal examination, 367 
Abdominovaginal examination, 304 
Abortion, tubal, 576 
Abortive hemophilia, 214 
Abscess, epidural, after typhoid fever, 
1116 

of bone, aseptic bone-cavity filling in, 
744 

x-rnyH in, 1162 

of lungs after pneumonia, 1120 
treatment, 1121 
of Skene’s ducts, 392 
treatment, 393 

of spleen after typhoid fever, 1110 
pulsating, and aneurism, differentia- 
tion, 239 

shirt-stud, in typhoid fever, 1113 
Absence of Fallopian tube, 386 
of ovaries, 386 
of uterus, 383 
of vagina, 381 
treatment, 381 

Accidents, delayed shock in, 936 
due to chloroform anesthesia, un- 
toward effects of, 1025 
explosion, treatment of, 938 
first aid treatment, 930 
, from electric currents, 942 
from gases, 945 
hemorrhage in, 935 
improvised stretcher in, 934 


Accidents in factories, 925 
in industrial establishments, 924 
in mills, 925, 929 
in mines, 915, 925 
in quarries, 929 
motoivcar, 927 
of pericardicentesis, 29 
peculiarities of, 926 
permanent treatment and dressings, 
934 

psychic shock in, 935 
railroad, 915 
shock in, 935 
steamboat, 928 
suigery of, 915 

transportation of patient, 933 
treatment, 930 
A. C. E. anesthesia, 1042 
Acid, boric, 595 
carbolic, 594 
salicylic, 595 

Acoustic nerve, neurofibroma, division of 
auditory ner\'e for, 993 
Acupuncture in aneurism, 251 
Adams’ osteotomy of upper end of femur, 
750 

Adenitis, tuberculous, arrays in, 1177 
arrays in, 1177 

Adenocarcinoma of cervix, 531 
of uterus, 532 

Adhesions of prepuce and glans of 
clitoris, 399 

Adhesive, pericarditis, 36. See also 
PericarditiSf adhesive. 
plaster in surgical work, 611 
Adrenalin in circulatory failure in chlo- 
• reform anesthesia, 1025 
in hemophilia, 215 
in hemorrhage, 197, 206 • 

Adventitia, 84 

Air-embolism in wounds of veins, 168 
Airol, 595 

Ala nasi, new, construction of, 912 
Alcohol as antiseptic, 595 
Alcoholism, influence, on surgical prog- 
nosis, 619 

Alexander’s operation for retroversion 
of uterus, 507 

Alimentary tract, care, prior to opeiar 
tion, 623 

Allen’s needle-holder, 605 
Allingham’s method of pericardiotomy, 
33 

Allis’s ether inhaler, 1029 
Aluminum bronze as suture material, 002 

1335 
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Alveolar process, excision, 760, 762 
Ambulance duty, 1222 
Amenorrhea in gynecologic examination, 
356 

American method of symphysiotomy, 
488 

Amputation, 790 
at joints. I:^e IHsarticuliUUm, 
blocking of nerves in, 802, 1056 
circular, 790, 792 
cuff method, 793 
modiffed, 793 
ordinary, 792 
elliptical, 791, 799 

endoneural infiltration with local 
anestlictizing agents in, 802 
flap, 796 

interilio-abdorainal, 876 
intermediate, 802 
irregular methods, 800 
methods, 790 
fundamental types, 791 
selection of, 801 

Mozkowicz’s hyjieremia test in, 97 
of arm at surgical neck of humerus, 
828 

local ancstliesia in, 1067 
lower third, 826 

together u'ith scapula and part of 
clavicle, 834 

of cervix for laceration, 478 
of hi^rs, at first phalanx, by palmar 
flap, 809 

at last phalanx, by palmar flap, 807 
at second phalanx, oy palmar flap, 
809 

with parts of mctacarpals, 814 
of forearm, lower third, modified cir- 
cular method, 820 
upper two-thirds, 820 
of leg at lower third, 855 
at middle third, 858 
at upper third, 860 
femorotibial osteoplastic, 866 
local anesthesia in, 1080 
osteoplastic, 856 
at upper third, 862 
supramalleolar region, 854 
of thigh just above condyles of femur, 
865 

lower, middle, or upper third, 869 
third, 868 

of toes, at first phalanx, oval method, 
a39 

at last phalanx, by plantar flap, 837 
at second phalanx, oy plantar flap, 
838 

with part of metatarsals, 844 
oval, 790, 794 
primacy, 802 
racket, 790, 795 
resulting stump, 795 
rectangular flaps, 791 
rounded flaps, 791 
secondary, 802 
stump, 803-805 


Amputation, stump, nature of covering, 
791 

painful, 804 

Amyl nitrite in circulatory failure in 
chloroform anesthesia, 1025 
Anastomosis cannula, Crile's, 617 
of blood-vessels, 883' 

Anastomotic varix, 153 
Anel’s operation for aneurism, 256 
Anemia, gravity, 186 
influence on surgical prognosis, 622 
local anesthesia from, 1049 
sequestration, for prophylactic hemos- 
tasis, 192 
Anesthesia, 1000 
A. C. E., 1042 
care of mouth before, 1011 
of patient during and after, 1012 
of stomach before, 1009 
C. E., 1042 

chloroform, 1018. See also Chloro- 
form anesthesia, 
cocain-adrenalin, 1057 
conduction, 1045 
with cocain, 1055 
contraindications, 1004 
cutaneous, after removal of Gasserian 
ganglion, 980 
effect of, on blood, 1009 
endoneural, 1056 

ether, 1027. Sec also Kther anesthe- 
sia. 

death-rate, 1005 
effect of, on hemoglobin, 1009 
history of, 1001 
ethyl bromid, 1040 
chlorid, 1038 

examination of circulatory system 
before, 1008 

of urine before, 1007, 1008 
failure of circulation during, Trendel- 
enburg's posture in, 1017 
of respiration during, artificial res- 
piration in, 1013 
Hall's method, 1014 
Labordc’s method, 1014 
posture of head in, 1014 
^hfifer’s method, 1013 
Sylvester's method, 1013 
general considerations, 1003 
history^ 1000 
in cardiorrhaphy, 72 
in pericardiotomy, 31 
ligation, 1049 
local, 1045, 1046 
anestil, 1050, 1051 
arterenin, 1059 
chemical, 1052 
cocain, 1053 

recumbent position in, 1057 
cold, 1050 

ethyl chlorid, 1050, 1051 
from anemia, 1049 
from nerve pressure, 1049 
history of, 1049 
homorenon, 1059 
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Anesthesia, local, in abdominal section, 
1072 

in amputation of arm, 1067 
of leg, 1080 

in disarticulation of hip-joint, 1080 
in extraction of teeth, 1065 
in femoral hernia, 1074 
in inguinal hernia, 1073 
in laminectomy, 1070 
in meatotomy, 1077 
in operations for cervical lym- 
phoma, 1066 
for paraphimosis, 1077 
for phimosis, 1077 
for phlegmonous thecitis, 1067 
for varicose veins, 1079 
on abdominal wall, 1070 
on anus, 1077 
on face, 1065 
on head, 1064 
on lower extremities, 1078 
on mamma, 1070 
on neck, 1066 
on penis, 1076 
on rectum, 1077 
on scrotum, 1077 
on testes, 1077 
on thorax, 1068 
on upper extremities, 1066 
on urethra, 1076 
in pericardiotomy, 1068 
in plcurotomy, 1068 
in resection of ribs, 1068 
in skin-grafting, 1079 
in suprapubic cystotomy, 1075 
in umbilical hernia, 1075 
in ventral hernia, 1075 
indications, 1060 
novocain, 1059 
preparations, 1061 
solutions, 1061 
suprarenin, 1059 
syringes, 1061 
technic, 1060 

lumbar, 1082. See also AnesthesUii 
avbarachnoid. 

nitrous oxid, 1034. See also NUrous 
oxid aneatkesia. 
perineural, with cocain, 1056 
regional, 1045, 1046 
room for, 1011 
scopolamin-morphin, 1043 
sequential, 1041 

spinal, 1082. See also Aneaiheaia, 
aubarachrund. 
subarachnoid, 1082 
cocain in, 1087 
complications of, 1092 
contraindications, 1094 
indications, 1094 
novocain in, 1088 
sequels of, 1092 
stovain in, 1087 
technic, 1095 
terminal, 1045, 1046 
venous, 1081 


Anesthesia with Billroth’s mixture, 1042 
with Vienna mixture, 1042 
Anesthetic mixtures, 1042 
Anesthetics, 1000. See also Anedhe- 
sta. 

Anestil as local anesthetic, 1050, 1051 
Aneurism, 216 
acupuncture in, 251 
adaptation of sac to surroundings, 222 
age in, 242 

Anel’s operation for, 256 
aneurismectomy associated with cir- 
cular arteriorrhaphy for, 286 
with lateral artenorrhapliy for, 
285 
for, 264 

with arterial transplantation or 
grafting for, 288 

with arteriovenous anastomosis for, 
287 

with grafting of transplanted vein 
for, 287 

aneurismoplasty for, 271 
aneurismotomy for, 263 
Antyllus* operation for, 256, 257, 263 
aortic, 311. See also Aortic aneurism* 
arteriosclerotic, 217 
arteriovenous, 290. See also Arterio- 
venous aneurism. 
auscultation in, 236 
Bacclli-Montenovessi operation for, 
251 

Brasdor’s operation for, 256 
Broca’s clot, 228, 229 
bruit in, 236 
by anastomosis, 219 
calcium chlorid in, 249 
cirsoid, 219 
classification, 217 
of sacs for surgical purposes, 227 
compression in, 253 
congenital, 217 
consecutive, 218 
contents of sac, 228 
course of blood in, 224 
cupoliform, 218 
cyiindric, 221 
death from, 233 
definition, 216 
differential diagnosis, 238 
dissecting, 217 
effect of, on circulation, 234 
embolic, 218 

endo-aneiirisraorrhaphy for, 268 
erosion, 219 
of Eppinger, 87 

etiology, 241 ^ , 

experimental, obtained by production 
of toxic arteritis, 245 
extirpation in, 264. See also Aneuris- 
mectomy* 
false, 216 
form, 221 
frequency, 241 
functional signs, 237 
fusiform, -221 
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Aneurism, galvanization in, 261 
gelatin in, 249 

Halsted's gradual occlusion of arteries 
for, 261 

Hart’s treatment, 265 
Hunter’s operation for, 265, 266, 267 
^ objections to, 268 
incidence, 241 
kystogenic, 218 

S tation in, 266 
acewen’s operation for, 261 
Matas’ operation for, 268 
Mikulicz’s operation for, 264 
Moore-Corradi operation for, 261 
Moore’s operation for, 251 
moi^liology of sac, 221 
multiple, 24.3 
murmurs in, 236 
needling in, 251 
number, 243 

of axillary artery, 33L See also Ax- 
illary aneurism. 
of buttock, 340 

of carotid artery, 318. See also Caro- 
tid aneurism. 

of femoral artery, 334, 342. See also 
Femoral aneurism. 
treatment, 338 
of hypogastric artery, 334 
of iliac arteries, 333. See also lliao 
aneurism. 

of innominate artery, 316 
of popliteal artery, 344. See also 
Popliteal aneurism. 
of sp^ial arteries, 311 
of subclavian arteiy, 327. See also 
Suhdavian aneurism. 

Pasquin’s operation for, 256, 257 
pathopny, 243, 245 
pathologic, 217 
pelvic, 340 

Philf^ius’ operation for, 264 
physical si^s, 235 
potassium lodid in, 24S 
pressure effects of sac, 230 
prognosis, 240 
pulsation in, 235 
ihirmann’s operation for, 264 
race in, 242 

radical operations for, 263 

red clot, 229 

ref^eration in, 251 

ReicfClemcnti treatment for, 254 

Reid’s treatment for, 254 

rotation of sac, 225 

rupture in, signs, 238 

sacciform, 218, 221 

Scaipa’s operation for, 255, 266 

sex in, 242 

size, 243 

spontaneous cure, 232 
stagnin in, 248 
structure, 219 
subjective signs, 237 

^suLitions, Mi 


Aneurism, traumatic, 107, 218 
treatment, 246 
medical, 247 
medicinal, 248 
surgical, 250 
symptomatic, 260 
true, 216, 219 

Tuffnell’s treatment, 247, 248 
tumor in, 235 
Valsalva’s treatment, 247 
varicose, 290 
by dilatation, 291 
vascular astringents in, 248 
coagulants in, 248 
Wardmp’s operation for, 256 
white clot, 228, 229 
wiring in, 251 
x-ray examinations in, 236 
Aneunsma spurium, 216 
verum, 216 
Aneurismal bruit, 236 
varix, 290 

Anourismectomy, 264 
associated with circular arteriorrha- 
phy, 286 

with lateral artcriorrhaphy, 286 
compared with ligature and other 
methods, 267 
6nal results, 268 
permanent effects, 267 
postoperative treatment, 266 
relapses in popliteal cases, 268 
technic, 265 

with arterial transplantation or graft- 
ing, 288 

with arteriovenous anastomosis with 
arterial transplantation, 287 
with venous transplantation, 
287 

with grafting of transplanted vein, 287 
Aneurismoplasty, 271 
Aneurismotomy, 263 
Angeioma, cavernous, and aneurism, 
differentiation, 2.38 
Angiosclerosis, 91 
Angiotribc, Downes’, 114 
Angiotripsy in wounds of arteries, 113 
Downes’ method, 115 
Ankle-joint, excision, 787 
Ankylosis, artificial production, 776 
excision of elbow for, 780 
of hip-joint, osteotomy of femur for, 
749 

of lower jaw, operations for, 762 
Annandale’s intrasaccular method of 
endo-aneurismorrhaphy, 281 
method of gaining access to naso- 
pha^nx, 760 
Anteflexion of uterus, 499 

Dudley’s operation for, 600 
treatment, 500 

Ante-mortem statements, legal aspects 
of surgeon, 1181 
Anteversion of uterus, 498 
Antipyrin in hemorrhage, 206 
Antisepsis, 687 
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Antyllus’ operation for aneurum, 256, 
257, 263 

Anus, operations on, local anesthesia in, 
1077 

Aorta, abdominal, ligation of, 704 

by transperitoneal method, 704 
through retroperitoneal approach, 
70S 

Macewen’s method of compressing, 
189 

Aortic aneurism, 311 

abdominal Ration in, 312 
thoracic ligation in, 314 

Apoplexy, diagnosis, 1223 
ovarian, 558 

Appendicitis in pregnancy, surgery, 1129 
typhoid, 1108 

Aqueous plethora after hemorrhage, 183 

Amyrol, 596 

Amtol, 595 

Arm, amputation, at surgical neck of 
humerus, 828 
lower third, 826 
of local anesthesia in, 1067 
together with scapula and part of 
clavicle, 8*34 

Artcrenin as local anesthetic, 1059 

Arterial hemorrhaf^e, 180 
tension, diminished, effect of, on 
hemostasis in wounds of arteries, 
104 

Arterializing veins, 296 

Arteries, adventitia, 84 
anatomic peculiarities, 82 
aneurisms of, 311 
bruises, 105 
catheterization of, 97 
cerebral, thrombosis of, diagnosis, 
1223 

coats, 82 

compression of, temporary instrumen- 
tal, for prophylactic hemostasis, 123 
contusion of, encct, on hemostasis in 
wounds of arteries, 103 
contusions, 106 

effect of, on hemostasis in wounds 
of arteries, 103 
coronaiy, wounds of, 79 
dilatation of, and aneurism, differen- 
tiation, 239 
diseases of, 82 

ectases of, and aneurism, differentia* 
tion, 239 
elasticity, 84 
erosion o^ 86 
external tunic, 84 
healing, after ligation, 116 
iliac, aneurism of, 333. See also 
Iliac aneurism, 

ligation of, for aneurism of abdom- 
inal aorta, 314 
injuries, 82 
internal tunic, 82 
laceration. 104, 105 
ligation of, 115. See also LigaHan of 
arteries. 


Arteries^ middle tunic, 83 
patching, 139 
pathologic peculiarities, 82 
physiologic peculiarities, 82 
plastering, 139 
rupture, 105 
stretching, 105 
surgery, 82 

suture of, 125. See also Arterior^ 
rhaphy. 

tears of, by grinding or attrition, 105 
twistinj;, 105 
ulceration, 86 

wounds of, 99. See also Wounds of 
arteries. 

Brewer's method of closing, 139 
Artcriocapilla^ fibrosis, 91 
Arterionecrosis, 86 
Arteriorrhaphy, 125 
Bougl6’8 invagination method, 129 
ciremar, 126, 128 
Abbe's method, 133 
Brian and Jaboulay's method, 132 
Carrel’s method, 133 
Dc Gaetano’s method, 133 
methods of broad marginal confron- 
tation, 132 
of invagination, 128 
Payr’s method, with absorbable 
magnesium rings, 130 
Salomoni’s method, 132 
classification, 126 
end-to-end, 126 
Frouin’s method, 136, 137 
history, 125 
intermediate, 124 
lateral, 126 

Murphy’s invagination method, 129 
technic, 126 
Wieting’s method, 129 
Arteriosclerosis, 90 
causes, 93 
effects of, 93 

influence of, on varicose vems, 152 

Jores’ type, 91 

mechanical, 93 

Moenckeberg’s type, 91 

presenile, 94 

senile, 92 

toxic, 93 

Arteriosclerotic aneurism, 217 
Arteriovenous aneurism, 290 
congenital, 293 
definition, 290 
diagnosis, 300 
effects, 295 
etiolog^, 292 
experimental, 295 
pathogenesis, 293 
pathologic anatomy, 293 
physiopathology, 2^ 
prognosis, 301 

progress and evolution, 205 * 

secondary, 201 
symptomatology, 207 
treatment, 301 
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Arteritis, acute, 85 
non-pyogenic, 89 

chronic, 9U. also Arimoederoaia* 
purulent, 86 
pyogenic, 86 
ulcerosa seu verucosa, 91 
Artery, axillary, aneurism of, 331. See 
also Axulary aneurim. 
nation of, 170, 687 
first part, 688 
third part, 690 

brachial, compression of, for pro- 
phylactic hemostasis, 188 
ligation of, 691 
at bend of elbow, 692 
in middle of arm, 691 
carotid, aneurism of, 318. See also 
Carotid aneurim, 

common, compression of, for pro- 
phylactic hemostasis, 188 
ligation of, 672. Sec also Liga- 
tion of carotid artery, comrtum, 
external, ligation of, 674. See also 
Ligation of carotid artery, ex- 
ternal, 

internal, ligation of, 682 
facial, ligation of, 678 

over inferior maxillary, 678 
femoral, aneurism of, 334, 342. See 
also Femoral aneurism, 
common, compression of, for pro- 
phylactic hemostasiB, 188 
ligation of, 713. Sec also Ligation 
of femorm artery. 
gluteal, ligation of, 710 
upon Duttock, 710 
hypo{^Lstric, aneurism of, 334 
iliac, common, ligation of, 705 

by retroperitoneal method, 7(W 
compresHion of, for prophylactic 
hemostasis, 

external, ligation of, 711 

by retroperitoneal route, 711 
by trani^ritoneal route, 712 
internal ligation of, 707 

by retroperitoneal method, 708 
by transpcritoncal method, 708 
innominate, aneurism of, 316 
ligation of, 667. See also Ligation 
of innominate artery. 
intercostal, ligation of, 701. See also 
Ligation of intercostal artery, 
ligation, 655. See also Ligation of 
artery. 

lingual, ligation of, 676 
beneath hyoglossus, 676 
mammary, internal, ligation of, 686 
in second intercostal space, 687 
surgical anatomy, 19 
meningeal, middle ligation of, 680 
anterior branch, 682 
in removal of Gasserian gan- 
• glion, 969 

pc^rior branch, 682 
trunk of, 681 
occipital, ligation of, 679 


Artery^ occipital, ligation of, behind mas- 
toid process, 679 
peroneal, ligation of, 729 
in middle of leg, 730 
popliteal, aneurism of, 344. See also 
Popliteal aneurism, 
ligation of, 718. See also lAgation 
of popliteal artery, 
pudic, internal, ligation of, 709 
radi^, ligation of, 693. See alao 
Ligation of radial artery, 
sciatic, ligation of, 708 
upon buttock, 708 
subclavian, aneurism of, 327 
compression of, for prophylactic 
hemostasis, 1^ 

ligation of, 170, 683. See also 
Ligalion of svhdavian artery. 
temporal ligation of, 680 
just above zygoma, 680 
tibial, anterior, lif^tion of, 724 
in lower third, 726 
in upper third, 724 
posterior, ligation of, 727 

behind internal malleolus, 729 
in middle third, 727 
ulnar, ligation of, 698 

in lower thira of forearm, 701 
in middle third of forearm, 699 
vertebral, ligation of, 686 
Arthrectomy, 774 
of knee-joint, 787 
Bonn’s method, 787 
Volkmann’s method, 787 
Warbassc’s method, 787 
Arthritis, atrophic, x-rays in, 1163 
chronic, x-rays in, 1162 
hypertrophic, x-rays in, 1163 
pneumococcic, 1127 
prognosis, 1128 
treatment, 1129 
Arthrodesis, 775 
Arthrotomy, 789 

Artificial limb, adaptability of ampu- 
tation stump to, 805 
respiration in failure of respiration 
during anesthesia, 1013 
vagina, construction, 381, 382 
Baldwin’s method, 382 
Beck’s metljod, 382 

Ascites and cysts of ovary, differentia- 
tion, 568 

associated with fibroids of uterus, 525 
complicating ovarian cyst, 564 
Asepsis, 587, 590 

effect of, on venous hemorrhage, 167 
Aseptic bonc-cavity filling in chronic 
osteomyelitis, 742. S^ also Bone- 
cavUy piling, aseptic. 
bottle of Lafay, 1204 
phlebitis, 143 

Asphyxiation by hydrogen sulphid, 1227 
by illuminating gas, 1224 
^mptoms, 1224 
treatment, 1225 
by sewer-gas, 1227 
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Asphyxiation from carbon dioxid, 945 
monoxid, 946 
smoke, 1223 

Aspirating apparatus, Potain’s, 614 
Aspirators, 613 

Astragalus and calcaneum, excision, 773 
Mikulicz's method, 773 
excision, 772 
Atheroma, 91 
Atherosclerosis, 91 

Atmokaiisis for prophylactic hemostasisi 
194 

in hemophilia, 215 
Atresia of vagina, 381 
Atrophic arthritis, x-rays in, 1163 
Atrophy of bone, x-rays in, 1163 
Auditory nerve, division of, Dallance’s 
method, 996 
Bryant’s method, 995 
for neurofibroma of acoustic nerve, 
993 

for tinnitus aurium, 994 
operative records, 995 
for vertigo, 994 
operative records, 995 
Frazier's method, 996 
Krause's method, 995 
Milligan's method, 996 
Parry's method, 995 
Wallace and Marriage's method, 
995 

intracranial surgery of, 984 
operations for exposure of, hemor- 
rhage in, 988 
tumors, removal of, 992 
Auricles of heart, wounds, causes of sud- 
den arrest of heart action in, 49 
Auscultation, abdominal, in gynecologic 
examination, 362 
in aneurism, 236 

Autoplastic operations with bone in 
chronic osteomyelitis, 739 
with soft tissue in chronic osteomye- 
litis, 738 

Autopsy, legal aspects of obtaining con- 
sent to, 1188 

Autotransfusion in hemorrhage, 196 
Axillary aneurism, 331 
treatment, 332 
artery, ligation of, 170, 687 
nrat part, 688 
third part, 690 

AzoOspermia, x-rays as cause, 1173 


Babcock’s operation for varicose veins, 
163 

Bacelli-Montenovessi operation for 
aneurism, 251 

Back draft, injuries from, 1228 
Bacteriologic examination, gynecologic, 
373 

of hands, results of, 1199 
specimens for laboratoxy diagnosis, 
method of eoUectii^, 1202 
Baker’s method of excising hip-joint, 784 


Baldwin’s method of making artificial 
vagina, 382 

Hallance and Edmunds stay-knot, 663 
Ballance's method of divimng auditory 
nerve, 996 
Bandages, 609 
gelatin, in hemophilia, 214 

K m, in plastic surgery, 891 
r-of-Paris, 609 
silicate of soda, 610 

Bardenheuer’s method of ligating in- 
nominate artery, 670 
Barker's |X)sition for puncture in sub- 
arachnoid anesthesia, 1098 
i Bartholinitis, 391 
Bartholin's gland, cyst of, 392 
Bartlett's method of sterilizing catgut, 
599 

Beck's method of making artificial 
vagina, 382 

operation for cranial defects, 748 
Bccdc'b scrum treatment of tetany fol- 
lowing thyroidectomy, 957 
Berger's interscapulothoracic operation, 
834 

Bichlorid of mercury, 592 
Bier's hyperemia in Bartholinitis, 391 
method of amputating leg at upper 
third, 862 

of venous anesthesia, 1081 
operation for chronic osteomyelitis, 
740 

Bile-passages, typhoid infection, 1109 
Biliary calculi, x-rays in detecting, 1155 
Billroth’s mixtiue as anesthetic, 1042 
Biniodid of mercury, 593 
Bladder, catheterization, in gynecologic 
examination, 377 

distended, and cysts of ovaiy, differ- 
entiation, 567 

in gynecologic examination, 368 
inability to empty, after operation, 653 
injury, in ovanotomy, 573 
Blocking of nerves in amputations, 802, 
1056 

Blood, changes in morphology, after 
hemorrhage, 177 
course of, in aneurism, 224 
effect of anesthesia on, 1009 
of chloroform anesthesia on, 1021 
examination, prior to operation, 622 
regeneration of, 178 
transfusion of, direct, 615 
Brewer's tube for, 618 
Crile’s technic, 616 
Hartwell's technic, 617 
Blood-pressure test as aid in determin- 
ing form of endo-aneurismorrhaphy, 
273 

Blood-vessels, anastomosis of, 883 
diseases of, influence, on suigical 
prognosis, 620 

BoeeW^ method of excising wristrjoint, 
782 

operation to gain access to naso- 
pharynx, 760 
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Bone, abscess, aseptic bone-cavity filling 
in, 744 

blister, 1161, 1162 

chips for aseptic bone-cavity filling, 
742 

necrosis, aseptic bone-cavity filling in, 
744 

resection, 753 
for malignant tumors, 745 
tuberculosis, aseptic bone-cavity fill- 
ing in, 744 

tumors, aseptic bone-cavity filling 
after removal, 744 
Bone-cavity filling, aseptic, 742 
Bone-cyst, ar-rays in, 1 169 
Bone-disease, x-ray in, 1156 
Bone-grafting in chronic osteomyelitis, 
740 

Bone-transplantation in chronic osteo- 
myelitis, 740 

Bones, abscess of, x-rays in, 1 162 
atrophy of, x-rays in, 1163 
excision, 753 

giant-cell sarcoma, x-rays in, 1169 
infection of, in typhoid fever, 1111 
etiology, 1112 
symptoms, 1113 
treatment, 1113 
long, osteotomy of, 748 
operations on, 732 
sarcoma of, x-rays in, 1169, 1170 
syphilis of, x-rays in, 1160, 1161 
tuDerculosis of, x-rays in, 1158 
Boric acid, 595 
Bouchon, 103 

Bougld's invagination method of arteri- 
orrhaphy, 129 
Bouton de chemise, 1113 
Brachial artciy, compression, for pro- 
phylactic hemostasis, 188 
ligation, 691 
at bend of elbow, 692 
in middle of arm, 691 
rhinoplasty, 908 

Braine’s modification of Ormsby's in- 
haler for ether anesthesia, 1032 
Brasdor’s operation for aneurism, 256 
principle in ligation of aneurism of 
thoracic aorta, 314 

Brasdor-Wardrop principle for cure of 
aneurisms of arch of aorta, 314 
Brauer’s operation for adhesive peri- 
carditis, 37 

Breasts, operations on, local anesthesia 
in, 1070 

Brewer’s method of closing arterial 
wounds, 139 

tube for transfusion of blood, 618 
Briau and Jaboulay’s method of circular 
arteriorrhaphy, 132 
Bridge, Gaskell's, 47 
Broifi ligaments, cysts, 561 
surgeiy, 550 

Broadb^t’s sign in adhesive pericardi- 
tis, 37 

Broca’s dot in aneurism, 228, 229 


Broca’s sac, 388 
Bruises of arteries, 105 
Bruit, aneurismal, 236 
mill-wheel, in wounds of heart, 55 
Nietert’s, in wounds of heart, 55 
water-wheel, in wounds of heart, 55 
Bnins’ method of excising elbow-joint, 
780 

Bryant’s method of dividing auditory 
nerve, 095 

Bubonic plague, surgery, 1136 
Bullets in heart, 75 

Burmeister’s method of sterilizing cat- 
gut, 599 
Bums, 1228 

cicatricial deformities of skin from, 900 
treatment, 1229 
Burrs, Hudson’s, 997 
Business considerations of surgeon, legal 
aspects, 1195 
Buttock, aneurism of, 340 
Buxton’s ratchet pattern gag, 1017 


Calcaneum, excision of, 771 
Calcification in fibroids of uterus, 524 
of pericardium, 36 
Calcium clilorid in aneurism, 249 
in internal hemorrhage, 204 
in hemophilia, 215 

Calculi, biliary, x-ray in detecting, 1 155 
renal, x-rays in detecting, 1153 
ureteral, x-rays in detecting, 1 153 
vesical, x-rays in detecting, 1154 
Canal of Nuck, hydrocele of, 404 
Cannula, Crile’s, 617 
Cannulas for subarachnoid anesthesia, 
1095 

Capillary hemorrhage, 180 
Capsules for controlling thermal disin- 
fection, 1200 
Caput M^usee, 155 
Carbolic acid, 594 

Carbon dioxid, asphyxiation from, 945 
monoxid, asphyxiation from, 946 
Carcinoma of ovary, 564 
of uterus, 530 
caulifiow^er, 530 
complications, 535 
diagnosis, 535 
physical signs, 534 
prognosb, 537 
squamous-cell, 530 
symptoms, 533 
treatment, 537 
palliative, 537 
radical, 538 
of vagina, 412 
treatment, 413 
of vulva, 406 
x-rays in, 1176 
Cardiac vertebne, 42 
Cardiocentesis, accidental, in pericardio- 
centesis, 29 

Cardiomhaphy in woundS^ heart, 68 
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CardioBcheais for adhesive pericarditis, 
37 

CardiosymphyBls, 36 
Caries, aseptic bone-cavity filling in, 744 
sicca, ap-rays in, 1168 
Carnot’s solution in internal hemorrhage, 
205 

Carotid aneurism, 318 
common, 318 
external, 326 
extirpation for, 322 
extracranial, 323 
internal, 323 
intracranial, 323 
treatment, 319 

artery, common, compression of, for 
prophylactic hemostasis, 1^ 
ligation of, 672. See also Lig(i~ 
lion of carotid artery, common, 
external, ligation of, 674. See also 
Ligation of carotid artery, ex- 
ternal, 

internal, ligation of, 682 
Carpal bone, excision, 768 
Carrel’s method of circvilar arterior- 
rhapliy, 133 

partial venous transplantation, 137 
Cars, hospital, on railroads, 918. See 
also Hospital cars on railroads. 
Caruncle, urethral, in female, 402 
Catarrh, chronic cervical, 464. See also 
EndocervicUis. 

Catgut, 598 
chromicized, 599 
sterilization of, 598, 599 
Bartlett’s method, 599 
Burmeister’s method, 599 
Claudius’ method, 599 
Hoffmcistcr’s method, 600 
iodin method, 599 
Johnson’s method, 600 
Lee’s method, 600 
MacClure’s method, 600 
Moynihan’s method, 599 
Stich’s method, 601 
Catheterization of arteries, 97 
of bladder in gynecologic examina- 
tion, 377 

of ureters in gynecologic examination, 
378 

Cathode rays, 1144 
Cauliflower cancer of uterus, 530 
Cautery for prophylactic hemostasis, 193 
Cavernous imgeioma and aneurism, 
differentiation, 238 
C. E. mixture as anesthetic, 1042 
Cells, hepatic, effect of. chloroform 
anesthesia on, 1010 
Celluloid thread, 601 
Center, Kronecker-Schinw, 47 
Cerebral arteries, thrombosis of, diag- 
nosis, 1223 

complication in removal of Gasserian 
ganglion, 979 

hemorrhage, diagnosis, 1222 
Cerebrospinal fluid, position of, 1086 


Cervical catarrh, chronic, 464. See also 
EndocervicUis. 

lymphoma, operations for, local anes- 
thesia in, 1066 

Cervix, adenocarcinoma of, 531 
amputation of, for laceration, 478 
endometritis of, 4()4 
hypertrophy of, 472 
treatment, 473 
laceration of, 473 
diagnosis, 475 
etiolo^, 473 

Schroder’s operation for, 478 
signs, 474 
stellate, 474 
suture in, 476 
t^iptoms, 474 
treatment, 476 

papillary erosions, and carcinoma of 
uterus, differentiation, 536 
pseudoprolapsus of, 465, 491 
retention cysts of, 465 
syphilitic ulceration, and cancer of 
uterus, differentiation, 536 
Cesarean section, 481 

abdominal-cervical. 485 
after-treatment, 487 
indications, 481 
instniments, 482 
Pont)-, 486 
technic, 487 
preparation, 482 
technic, 482 
vaginal, 485 
technic, 486 

Chassaignac’s tubercle, 188 
Cheiloplasty, 882 

Chemic styptics in hemorrham, 206 
Chemical sterilization of hands, 639 
Chemist’s weighing bottle, 1204 
Chest, deformities, influence of, on sur- 
dcal prognosis, 624 
ChTorid of zinc, 595 
Chloroform anesthesia, 1018 

accidents due to, untoward effects 
of, 1025 

administration, 1022 
circulatory failure in, treatment, 
1025 

death-rate, 1005 
delayed poisoning from, 1026 
effect, on blood, 1021 
on circulatory system, 1019 
on heart, 1021 
on hemoglobin^ 1009 
on hepatic cells, 1010 
on respiratory system, 1019 
history, 1002 

illness and death after, 1026 
oxygen with, 1033 
physiologic action, 1018 
effm of, on kichieys, 1006 
inhaler, Junker’s, 1024 
mask, Skinner's, 1024 
Chondral exostoses, multiple, x-rays in, 
1168 
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Choikdrodystrophia foetalis, d9-ray in, 
1105 

Chopart’s method of disarticulation of 
anterior part of foot, 849 
of toes, 843 

Chorio-epithelioma of uterus, 539 
primary, of vagina, 414 
treatment, 415 
Chromicisscd catgut, 599 
Chvostek’s symptom in tetany para- 
thyreopriva, 956 

Cicatricifu deformities ^ skin, 900 
Cicatrices, stump-, position of, 804 
Cicatrization of wounds of arteries, 104 
Cigarette drains, 608 
Circular arteriorrhaphy, 126, 128. See 
also Arteriorrhaj^yf circular. 
Circulation, caraiac, control of, in 
wounds of heart, 44 
collateral, after ligation of arteries, 
118 

causes interfering with, 119 
of large venous trunks, 169 
diseases of, influence, on surgical 
prognosis, 620 
elTcct of aneurism on, 234 
effects of arteriovenous aneurism on, 
299 

failure of, during anesthesia, Tren- 
delenbuig’s posture in, 1017 ^ 
preliminary control, in ligation of 
artery, 656 

Circulatory failure in chloroform anes- 
thesia, treatment, 1025 
system, effect of chloroform anesthesia 
on, 1019 

examination, before anesthesia, 1008 
Cirsoid aneurism, 219 
('lamp, Unless, 124 
Clauaication, intermittent, 96 
(Claudius’ method of sterilizing catgut, 
599 

Clavicle, excision, 766 
Clitoridectomy, 399 
Clitoris, excision of, 399 
Ians of, adhesions, 399 
ypertrophy of, 399 
prepuce of, adhesions, 399 
hypertrophy, 399 
Clover’s ether inhaler, 1030 
Coagulability, increased, of blood, effect 
on hemostasis in wounds of arteries, 
104 

Coal-gas, asphyxiation from, 945 
Coat stretcher, 934 
Cocain as local anesthetic, 1053 
as subarachnoid anesthetic, 1087 
conduction anesthesia with, 1055 
endoneural anesthesia with, 1056 
perineural anesthesia with, 1056 
Cocain-adrenalin anesthesia, 1057 
Coccyx, excision of, 769 
Cold as local anesthetic, 1050 
for prophylactic hemostasis, 194 
Coflapse after subarachnoid anesthesia, 


CoUapse, hemorrhagic, and shock, dif- 
ferentiation, 184 

Collateral circulation after ligation of 
arteries, 118 

causes interfering with, 119 
of large venous trunks, 169 
Colpocele, anterior, operations for, 442 
posterior, 425 

Emmet’s outline resection for, 440 
Montgomery’s operation for, 438 
Nobles modification of Emmet’s 
operation for, 435 
operations for, 435 
Tait’s operation for, 441 
Colporrhaphy, anterior, 442 
Compression in aneurism, 253 
digital, 253 
clitic, 254 
instrumental, 254 
in arteriovenous aneurism, 310 
in prophylactic hemostasis, 188 
in wounds of arteries, 111 
of arteries, temporary instrumental, 
for prophylactic hemostasis, 123 
of hear!., 44 

Concretio pericardii, 36 
Condyle of lower jaw, excision, 762 
Condyloma acuminata of vulva, 401 
lata of vulva, 401 
of vulva, 401 
pointed, of vagina, 412 
Connective tissue, pdvic, functions, 421 
Consecutive aneurism, 218 
Constriction, circular, for prophylactic 
hemostasis, 189 
Continuous suture, 602 
Contusions of arteries, 106 
Chopper amalgam for aseptic bone-cavity 
fining, 743 

ComuaJ pregnancy, 576 
Coronary arteries, wounds of, 79 
vessels, wounding, in pcricardicentcsis, 
26 

Corpus luteum, cysts, 562 
Costoxiphoid space, 33 
O>tton in surgery, 607 
Coup de fouet, 155 

Court-, compulsory attendance of sur- 
geon in, 1180 

Cranial defects, osteoplastic operations 
for. 747 

Cred6’s unguentum, 596 
Creolin,‘594 

Crile’s anastomosis cannula, 617 
clamp, 124 

technic for direct transfusion of blood, 
616 

Crime, duty of surgeon in cases of, legal 
asp^ts, 1194 
Crooke’s tubes, 1 144 
Cross-examination of suigeon as expert 
witness, 1184 

Culs-de-sac, anterior, surgical anatomy, 
19 

Cuneiform osteotomy, 749 
Cupolifonn aneurism, 218 
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Guretment, test, iii gynecologic examina- 
tion, 372 

Curettage in metritis, 470 
technic, 471 

Cutaneous anesthesia after removal of 
Gasserian ganglion, 080 

Cylindric aneurism, 221. 

Cystitis, typhoid, 1119 

Cystocele in female, operations for, 442 

Cystotomy, suprapubic, local anesthesia 
in, 1075 

Cysts of Bartholin’s gland, 392 
of bone, rr-rays in, 1169 
of broad ligaments, 561 
of corpus luteum, 562 
of ovary, 561 
areolar, 563 

ascites complicating, 564 
complications, 564 
diagnosis, 567 
follicular, 562 
glandular proliferating, 562 
multilocular, 563 
ovariotomy in, 570 
rupture, 566 
simple, 562 
torsion of pedicle, 565 
treatment, 570 
unilocular, 563 
varieties, 570 
of vagina, 410 
treatment, 41 1 
parovarian, 560 
retention, of cervix, 465 
tubo-ovarian, 562 


Dawdarn’s method of prophylactic he- 
mostasis, 192 

Deformities, cicatricial, of skin, 900 
of chest, influence, on surgical prog- 
nosis, 624 

De Gaetano’s method of arteriorrhaphy, 
133 

Degeneration, nerve, following endo- 
neural anesthesia, 1056 
Delayed chloroform-poisoning from anes- 
thesia, 1026 

shock in accident cases, 935 
Delbet’s test for insufficiency of valves 
in varicose veins, 154 
Denker’s method of gaining access to 
nasopharynx, 760 
Depressed scar, operation for, 889 
Dermatitis gangrenosa infantum, 1139 
a^ray, 1172 
Dermatoplasty, 896 
Dermoid tumors of ovary, 563 
Diabetes, influence, on surgical progno- 
sis, 621 

mellitus as contraindication to anes- 
thesia, 1004 
versus operation, 621 
Diaphragm, pelvic, functions of, 421 
Diathesis, influence, on BUigical prog- 
nosis, 620 


Dieulafoy’s method of perlcardicentesis, 
25 


Diflenbach’s method of excising upper 
jaw, 757 

Digital exploration of uterine cavity in 
j^necologic examination, 370 
Dilatation of arteries and aneurism, 
differentiation, 239 

of uterine cavity in gynecologic ex- 
amination, 370 

Diphtheria, intubation in, 1135 
surgery of, 1135 
tracheotomy in, 1135 
Diphtheritic vulvitis, 389 
Disarticulation at elbow-joint, anterior 
ellipse, 822 
posterior ellipse, 824 
at hipjoint, anterior racket method, 
875 


Wyeth’s method, 872 
at knee-joint, 86!! 

at shoulder-joint, anterior racket 
method, 829 

external racket method, 833 
at wrist-joint, anterior ellipse, 818 
external lateral or radial flap, 819 
of Angers at first interphalangeal 
jomts by palmar flap, 809 
at metacarpophalangeal joints, oval 
method, 809 

at second interphalangeal joints by 
palmar flap, 808 

excluding thumb, with metacarpals, 
817 


index, at metacarpophalangeal joint, 
813 


inner, with metacarpal, 814 
little, at metacarpoplmlangcal joint, 
813 


two contiguous inside, with meta- 
carpals, 816 

outside, with metacarpals, 816 
of foot, anterior part, at mediotarsal 
joint, 849 

at ankle-joint, heel flap, 852, 853 
at Bubastragaloid joint, 850 
of hip-joint, local anesthesia in, 1080 
of thumb at metacarpophalangeal 
' joint, 812 
with metacarpal, 815 
of toes at first interphalangeal joints, 
oval method, 838 
at metatarsophalangeal joints, 840 
at second interphsdangeal joint by 
plantar flap, 838 

at tarsometatarsal joints by short 
dorsal and long plantar flaps, 
848 

en masse at metatarsophalangeal 
joints, 842 

gr^kt, at metatarsophalangeal joint, 

840 

with metatarsal, 845 
little, at metatarsophalangeal joint, 

841 

with metatarsal, 847 



1246 


INDEX. 


Duarticulation of toes, two adjoiniogi 
at metatarsophalangeal jointj 
842 

or three contiguous, with meta- 
tarsals, 848 
with metatarsals, 845 
Diseases, acute, influence of, on suigical 
pro^osis, 623 

Disinfection, thermal, capsules for con- 
trolling, 1200 

Dislocations of uterus, 498 
Displacement of tissue, 889 
Displacements of uterus, 490. See also 
uterus displacements. 

Dissecting aneurism, 217 
Double pyosalpinx, 554 
tubo-ovarian cyst, 555 
uterus, 384 
vagina, 382 

Downes' angiotribe, 114 
method of electrothennic angiotripsy, 
115 

Doyen’s automatic clamp applier, 647 
method of total hysterectomy, 544 
vasotribe, 113 

Draft, back, injuries from, 1228 
Drainage after operation, 646 
after pericardicentesis, 31 
after p^icardiotomy, 34 
in ovariotomy, 573 

of pericardium and pleura after cardi- 
orrhaphy, 70 
Drains, 607 
cigarette, 608 
sterilization, 608 

Dressing of patient during operation, 629 
of mund after operation, 648 
Dressings in accident cases, 934 
in surgery, 606 

Drop method of ether anesthesia, 1030 
Dry puncture in pericardicentesis, 29 
Duorueil’s method of disarticulation at 
wrist-joint, 819 

Dudley’s operation for anteflexion of 
uterus, 500 

for ureterovaginal fistula, 456 
Dflhrssen’s operation for retroversion of 
uterus, 511 

Dupuytren’s met.hod of amputating arm 
at riiouldcr-joint, 826 
Dutch liquid, 1002. 

Dying declarations, legal aspects of sur- 
geon, 1181 

Dyscrasic hemorrhage, 174 
Dysentery, surgery of, 1140 
Dj^enorrhea in gynecologic examina- 
tion, 357 

D^^reunia in gynecologic examination, 
Dysplasia, periosteal, :c-rays in, 1164 


Eclampsia, puerperal, surgical treat- 
ment, 1130 

Ectases of arteries and aneurism, differ- 
entiation, 239 


Ecthyma t4r6brant, 1130 
Ectopic pregnancy, 575. See also Extror 
uterine pregnancy. 

Eighth nerve, intracranial surgery, 984. 

See also Avditary nerve. 

Elbow-joint, disarticulation at, anterior 
ellipse, 822 
posterior ellipse, 824 
excision, 777 
by H incision, 780 
by long external and short internal 
incisions, 779 

by posterior median incision, 779 
by radial incision, 777 
by right angular incision, 779 
for ankylosu, 780 
Hueter^s method, 779 
Langenbeck's method, 779 
Moreau's method, 780 
N^laton's method, 779 
Ollier's method, 777 
osteoplastic, 780 
partial, 780 

von Brim’s method, 780 
Electric currents, accidents from, 942 
shock, treatment, 943 
Electricity, action of, on bacteria, 597 
in fibroids of uterus, 527 
Electrothermic angiotripsy in wounds of 
arteries, 114 
Downes' method, 115 
Elephantiasis of vulva, 400 
Elevation in prophylactic hemostasis, 
186 

vertical, in prophylactic hemostasis, 
187 

Embolic aneurism, 218 
Embolism, 146 
air-, in wounds of veins, 168 
fat-, in wounds of veins, 168 
in operative treatment of varicose 
veins, 164 

Emergency operations, preparation for, 
627 

Emmet's operation, Noble’s modifica- 
tion, for posterior colpocele and rec- 
tocele, 435 

outline resection for posterior colpocele 
and rectocele, 440 
Empyema after pneumonia, 1120 
Ena-to-end arteriorrhaphy, 126 
Endarteritis, 85 
chronica diffusa, 91 
conscripta diffusa, 91 
localized septic, of embolic (pyemic) 
origin, 87 
nodosa, 91 
obliterative, 91, 94 
Endo-aneurismorrhaphy, 268 
Axmandaie’s intrasaccular method, 281 
in arteriovenous aneurism, 305 
intrasaccular, in external iliac aneur- 
ism, 338 

in femoral aneurism, 344 
in popliteal aneurism, 349 
method, 281 
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Endo-aueurismorrhaphyf Kikpxi’s intr&- 
8accular methodi 283 
Matas* intrasaccular method, 276 
obliterative, 270 
prophylactic hemostasis in, 278 
reconstructive, 271 
relapses after, 280 
restorative, 271 
statistical conclusions, 279 
Syme’s intrasaccular method, 281 
treatment of sac, 276 
Endoccrvicitis, 464 
diagnosis, 460 
symptoms and signs, 466 
treatment, 467 

Endocranial sinus infections, operative 
treatment, 161 
Endometritis of cervix, 464 
chronic, 467 
diagnosis, 468 
symptoms, 467 
treatment, 468 

Endoneural infiltration with local anes- 
thetusing agents in amputation, 802 
Enioplilebitis, 144 
Eniothelia, unity of, 83 
Endothelioma and aneurism, differentia- 
tion, 240 
Endothelium, 82 

Enteroclysis of salt solution in hemor- 
rha.ge, 203 

Entcrovaginal fistula, 458 
Entheai!), 895 

Enucleation in fibroids of uterus, 528, 529 
Epidermatoplasty, 896 
Epidiiymitis, typhoid, 1118 
Epidural typhoid abscess, 1116 
Epithelial capsules, 948 
Epithelioma and aneurism, differentia- 
tion, 240 

of mucous membranes, x-rays in, 1176 
superficial, x-rays in, 1175 
Eppinger’s erosion aneurisms, 87 
Erasions of joints, 774 
of knee-joint, 787 

Erb'a symptom in tetany parathyreo- 
priva, 957 

Erosion aneurism, 219 
aneurisms of Eppinger, 87 
of arteries, 86 

papillarj^ of cervix, and cancer of 
uterus, differentiation, 536 
Esmarch’s method of prophylactic hem- 
ostasis, 190 

operation for ankylosis of lower jaw, 
762 

Esophagus, stricture of, after typhoid 
feverj 1 108 

Ether anesthesia, 1027 
administration, 1028 
death-rate, 1005 
drop method, 1030 
history, 1001 
physiologic action, 1027 
effect of, on kidneys, 1007 
inhaler, Allis’, 1029 


Ether inhaler, Clover’s, 1030 
Hewitt’s, 1031 
Ormsby’s. 1032 

Ethical considerations of surgeon, legal 
aspects of, 1194 
Ethyl bromid anesthesia, 1040 
ohlorid anesthesia, 1038 
as local anesthetic, 1050, 1051 
inhaler, Luke’s, 1039 
use of, before ether or chloroform 
anesthesia, 1041 

Excision of alveolar process, 760, 762 
of ankle-joint, 787. See also Anide- 
joint, excision of. 
of astragalus, 772 
and calcancum, 773 
Mikulicz’s method, 773 
Ollier’s method, 773 
of bones, 753 
of pelvis, 769 
of calcaneum, 771 
Farabeuf’s method, 771 
of carpal bone, 768 
of clavicle, 766 
of clitoris, 399 
of coccyx, 769 
of condyle of lower jaw, 762 
of elbow-joint, 777. See also Elboxo- 
joint, excision of. 
of femur, 769 
of fibula, 770 

of first metatarsophalangeal joint^ 789 
of hip-joint, 782. See also ilijhjoirU, 
excision of. 

of humerus, 767. See also Humerus, 
excision of. 
of joints, 774 

of knee-joint, 784. See also Knee- 
joint, excision of. 

of lower jaw, 761. See also Jaw, 
lower, excision of. 
of metacarpal bones, 768 
of metatar^ bones, 774 
of plialanges, 769 
of radius, 768 

of ribs, local anesthesia in, 1068 
of scapula, 766. See also Scapula, ex- 
cision of. 

of segment of lower jaw, 762 
of shoulder-joint, 775. See also Shovir 
der-joint, excision of. 
of tarsal bones, 770 
of tibia, 770 
of ulna, 768 

of upper jaw, 753. See also Jaw, 
upper, excision of. 
of vertebne, 769 

of wrist-joint, 780. See also Wrist- 
joint, excision of. 
osteoplastic, of hard palate, 759 
tert, in gynecologic examination, 372 
Excreting organs, effects of multiple 
injuries on, 940 

Exophthalmic goiter, ap-rays in, 1177 ^ 
Exostoses, multiple chondral, arrays m, 
1168 
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Exostosis bursatHi x-rsy in, 1169 
Experimental aneurisms obtained by 
production of toxic arteritis, 245 
Exploratory incision in gynecologic ex- 
amination, 375 

Explosions, Injuries from, treatment, 938 
Extirpation for carotid aneurism, 322 
in aneurism, 264. See also Aneuris- 
mecUitny. 

in external iliac aneurism, 337 
in femoral aneurism, 343 
Extra-uterine pregnancy, 575 
diagnosis, 579 
physical signs, 579 
rupture in, 577 
symptoms, 578 
treatment, 580 

Extrav^inal inversion of uterus, 511 
Extremities, lower, operations on, local 
anesthesia in, 1078 

upper, operations on, local anesthesia 
in, 1066 


Face, operations on, local anesthesia in, 
1065 

Facial artery, libation, 678 

over inferior maxillary, 678 
paralysis after removal of Gasserian 
ganglion, 980 
Facies ovariana, 564 
Factories, accidents in, first aid, 925 
prouliarities, 929 
Fallopian tube, absence, 386 

inflammation, 550. See also <Sal- 
pingitis, 

rudimentary, 386 
surgeiy, 550 
tumors, 558 
False aneurism, 216 

structure of sac in, 220 
Family history in gynecologic examina- 
tion, 354 

Farabeuf’s method of amputating leg 
at lower third, 855 
at upper third, 800 
of disarticulation at elbow-joint, ^ 
of foot at subastragaloid joint, 
850 

of great toe, 840 

of index-finger at metacarpo- 
phalangeal joint, 813 
of little Anger at metacarpopha- 
langeal joint, 813 
toe, Si 

of thumb at metacarpophalangeal 
joint, 812 

of excising calcaneum, 771 
Fat-embolism in wounds of veins, 168 
Fecal accumulation and cysts of ovaiy, 
differentiation, 567 
fistula in female, 458 
treatment, 459 

Fees of surgeon as expert witness, 1184 
Femoral aneurism, 342 
extirpation in, 343 


Femoral aneurism, intrasaccular endo- 
aneurismorrh^hy in, 344 
treatment, 338, 343 
artery, common, compression of, for 
prophylactic iiemostasis, 188 
ligation, 713. See also Ligatwn of 
femoral artery, 

hernia, local anesthesia in, 1074 
vein, ligation, 169 
suture, 172 

Femorotibud osteoplastic amputation of 
leg, 866 

Femur, osteotomy of, 749. See also 
Osteotomy of femur. 
resection, 769 

Fcigusson’s method of excising upper 
jaw, 754 

Ferripyrin in hemorrhage, 206 
Fetus, secondary development, after 
rupture in extra-uterine pregnancy, 
580 

Fibrillar action of heart, 48 
Fibrocystic tumors of uterus, 523 
Fibroids of uterus, 617 

and cysts of ovary, differentiation, 
569 

calcification in^ 524 
complications, 524 
course, 526 
diagnosis, 521 
etiology, 520 
prognosis, 526 

removal, by enucleation, 528, 529 
by excision, 528 
by hysterectomy, 629 
by morcellement, 629 
by panhysterectomy, 530 
by supravaginal hysterectomy, 
530 

by torsion, 528 
symptoms, 520 
treatment, 527 
Fibromyoma of ovary, 564 
of vagina, 411 
of vulva, 403 

Fibromyxoma of uterus, 524 
Fibula, resection, 770 
Fifth nerve, intracranial suigery, 964 
Filigalvanopuncture in aneurism, 251 
Filipuncture in aneurism, 251 
Finger, index-, disarticulation of, at 
metacarpophalangeal joint, 813 
inner, disarticulation of, with metacar- 
pal, 814 

little, disarticulation of, at metacarpo- 
phalangeal joint, 813 
Fingers, amputation, at first phalanx, 809 
at last phalanx, 807 
at second phalanx, 809 
with parts of metacamls, 814 
disarticulation of, at first interpha- 
langeal joints, 809 
at metacarpophalangeal loints, 809 
at second interphalan^al joints, 808 
excluding thumb, with metacari)als» 
817 
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Finney’s portable operating table, 633 
First aid m accidents^ 930 

in factories, mills, and mines, 025 
in industrial estaolishments, 924 
Fistula, enterovaginal, 458 
fecal, in female, 458 
in female, 446 
rectoperineal, 458 
rectovamnal. 458 
ureteral, in female, diagnosis, 448 
ureterova^inal, closure of, 454, 455 
ureterovesicovaginal, 450, 456 
urethrov^inal, diagnosis, 448 
urinal^, in female, 446. See also 
Urinary iiatvla in female, 
vesical, in remale, diagnosis, 448 
vesicovaginal, denudation operation 
for, 4.50 

after-treatment, 450 
vesico-uterine, closure of, 454 
Flaps, free, 887, 890 
in plastic surgery, 887, 890 
pediculated, 890 
superimposed, 894 
transplantation of, 893 
Flat knot, 603 
Flexion in aneurism, 255 
Flint’s method of excising knee-joint, 786 
Foot, disarticulation of, at ankle-joint, 
heel flap, 852, 853 
at subastragaloid joint, 850 
Forbe’s method of disarticulation of toes, 
843 

Forceps, Hudson’s, 998 
tongue-holding, Senn’s, 1016 
Forceps-tourniquet, Thomas’, 830, 831 
Forcipressurc in wounds of arteries, 112, 
113 

Forearm, amputation, lower third, modi- 
circular method, 820 
upper two-thirds, 820 
Foreign bodies, aseptic, implantation of, 
880,895 
in heart, 75 
x-rays in, 56 
in pericardium, 39 
in vagina, 415 
treatment, 416 
in veins, 168 
x^ray for detecting, 1151 
Formaldeliyd gas, 594 
Formalin, 594 

Fractures, compound, aseptic bone- 
cavity filling in, 744 
x-rays m, 1155 

Frasier’s method of dividing auditory 
nerve, 906 

table for subtentorial operations, 991 
Free flap, 887, 890 

Freesii^ methods for rapid examination 
of tusues removed for laboratory 
diagnosis, 1207 

Freesing-point of isotonic solutions, 1051 
French method of symphysiotomy, 488 
Friedrich’s sign in adhesive pericarditis, 
37 


I Frouin’s method of arteriorrhaphy, 136, 
137 

Fusiform aneurism, 221 


OALti-BLAODER, perforation of, in ty- 
phoid fever, 1108 
Galvanization in aneurism, 251 
Ganglion, Gasserian, removal of, 964. See 
aim Gasserian gan^ion, removal, 
tumors of, 982 
treatment, 983 

Gaiu^reno after infectious diseases, 1119 
after ligation in aneurism, 260 
after typhoid fever, 1 1 19 
in plastic surgeiy, 887 
of extremities in arteriosclerosis, sur- 
gical treatment, 96 
of Tung after pneumonia, 1 120 
treatment, 1121 

Gant’s osteotomy of upper end of femur, 
750 


Gftrtncr’s duct, 560 
Gas, formaldeliyd, 594 
illuminating, accidents from, 946 
asphyxiation by, 1224 
symptoms, 1224 
t treatment, 1225 
laughing, 1003 
sewer, asphyxiation by, 1227 
Gases, accidents from, 945 
GaskcU’s bridge^ 47 
Gasserian ganglion, removal, 964 
Ab^’s method, 974 
anatomic considerations, 965 
cerebral complications, 979 
control of hemorrhage, 968 
cutaneous anesthesia after, 980 
discussion of various proc^ures, 
971 

facial paralysis after, 890 
Hartley-Krausc method, 972 
historic note, 965 
Horsley’s method, 973 
Hutchmson’s method, 973 
Kochcr’s method, 973 
Lexer-Cushing method, 972 
. ligation of nuddle meningeal ar- 
tery, 969 

method of approach, 967 
mortality, 97? 

motor durturbances after, 981 
ocular complications after, 981 
posture of patient, 9^ 
recurrence of neuralgia after, 978 
selection and size of opening in 
skull, 967 

Spiller-Frazier method, 974 
technic, 971 

trophic disturbances after, 981 * 
two-stage operation, 972 
tumors, 982 
treatment, 983 

Gastro-intestinal hemorrhage, postoper- 
ative, 207 
non-septic, 207 
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Gastro-intestinal hemorrhage, postoper- 
ative, septic, 207 
Gauze mask, 635 

Gelatin bandages in hemophilia, 214 
in aneurism, 240 
in hemorrhage, 206 
in internal hemorrhage, 204 
Genito-urinaiy organs, female, suigeiy 
of, 351 

Genu val^m, osteotomy for, 751 
Giant-cell sarcoma of bone, x-ray in, 1169 
Glandulss parathyroidese, 948 
Gians of clitoris, adhesions, 399 
Gloves, rubber, 640 
sterilization of, 640 
Gluteal artciy, ligation, 710 
upon Dutt^, 710 
Glutol, 595 

Goiter, exophthalmic, x-rays in, 1177 
influence on suigical prognosis, 624 
operative treatment, 959 
Gonorrhea, influence on surgical prog- 
nosis, 622 

Gonorrlieal condyloma of vulva, 401 
vulvitis, 389 
Gout, x-rays in, 1 163 
Grafting, bone-, in chronic osteomyelitis, 
740 

mucous membrane, 900 
skin-, 896. See also Skin-Trailing* 
Grafts in plastic surgery, 887, 980 
transplantation of, 893 
Grannv knot, 603 

Granulating ulcers, skin-grafting in, 896 
Gravity anemia, 186 
ischemia with elastic constriction for 
prophylactic hemostasis, 192 
Gritti-Stokes method of amputating 
thigh, 865 

Guinn’s metliod of resecting lower seg- 
ment of upper jaw, 759 
Guinard’s procedure for aneurisms of 
arch of aorta, 314 
Gunshot wounds of arteries, 101 
of heart, 51 
of veins, 168 

Gutta-percha tissue, sterilization, 609 
Guyon’s supramalleolar method of am- 
putating leg, 854 

Gynecologic examination, 351-^78 
bacteriologic, 373 
physical, 359 
virgins, 374 

Gypsum bandage in plastic surgery, 
891 


Habits, influence, on suigical prognosis, 
610 

Hahn’s method of excising knee-joint, 
786 

Hall’s method of artificial respiration 
dunpg anesthesia, 1014 

Halst&l’s graduid occlusion of arteries 
^ for aneurism, 261 
line of anastomosis, 951 


Hands, bacteriologic examination, re- 
sults, 1199 

chemical sterilization, 639 
preparation of, for operation, 636 
Hard x-rays, 1147 
Harrington’s solution, 640 
Hartley-Krause method of removing 
Gasserian ganglion, 972 
Hartley’s method of ligating intercostal 
artery, 703 

Hart’s treatment for aneurism, 255 
Hartwell’s method of transfusion of 
blood, 617 

Head, operations on, local anesthesia in, 
1064 

posture of, in artificial respiration dur- 
ing anesthesia, 1014 

Headache after subarachnoid anesthesia, 
1092 

Healing, final, of wounds of arteries, 104 
of arteries after ligation, 116 
Heart action, sudden arrest, in w'ounds of 
heart, causes of, 47 
apex of, method of defining, 42 
base of, method of defining, 42 
block, 48, 79 
bullets in, 75 
compression, 44 

disease, effect, on venous hemorrhage, 
167 

effect of chloroform anesthesia on, 
1021 

fibrillar action, 48 
foreign bodies in, 75 
x-rays in, 56 

hemorrhage from, control of, by digital 
• compression, 44 
lesions, influence, on surgical progno- 
sis, 620 
massage of, 81 
perforation, 51 

puncture, in pericardicentesis, 26, 29 
rupture, 51 

stimulation of, for suspended anima- 
tion, 80 
suiTjery, 41 
history, 41 

surgical topography, 41 
suture of, 44 
wounds of, 51 
cardiorrhaphy in, 68 
character, 51 
classification, 51 
clinical career, 56 
complications, 56 
guiphot, 51 
incised, 51 
localization, 51 
punctured, 51 
symptoms, 53 
terminations, 56 
thoracotomy in, 58 
treatment, 57 

Heat as sterilizing agent, 592 
for prophylactic hemostasis, 193 
in hemorrhage, 197 
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Hebosteotomyi 489 
Hebotomy, 489 

Hegar's operation for incomplete tears of 
perineum, 430 

Hein-Kieysig sign in adhesive pericar- 
ditis, 36 

Heister’s mouth-opener, 1016 
Hematocolpometra, 381 
Hematocolpometrosalpinx, 381 
Hematocolpos, 381 
treatment, 381 
Hematoma, 174 

of ovary associated with fibroids of 
uterus, 52«5 
ovarian, 558 
pudendal, 417 
pulsating, 107, 218 

Hematometra and cysts of ovary, differ- 
entiation, 509 
Hematosalpinx, 551 

Hemoglobin, effect of ether and chloro- 
form anesthesia on, 1009 
Hemoglobin-index as guide to operative 
interference, 178 
Hemopathic liemorrhage, 174 
Hemopericardium, effect of, on heart ac- 
tion, 44 

Hemophilia, 211 
symptoms, 212 
treatment, 214 
HomophiUc joints, 213 
Hemopoietins, 618 
Hemorrhage, 174 
adrenalin in, 197, 206 
after operation, 207. See also Hem- 
orrhagCf pontoperative* 
antipyrin in, 206 
aqueous plethora after, 183 
arterial, 180 
autotransfusion in, 196 
capillarv, 180 
cerebral, diagnosis of, 1222 
changes in morphology of blood after, 

chemic styptics in, 206 
classification, 180 
clinical characteristics, 181 
consecutive, 181 
definition, 174 
dyscrasic, 174 

enteroclysis of salt solution in, 203 
external, 174 
ferripyrin in, 206 

from heart, control of, by digital com- 
pression, 44 

from spleen in typhoid fever, 1111 
gastro-intestinal, after operation, 207 
non-septic, 207 
septic, 207 
gelatin in, 206 
heat in, 197 
hemopathic, 174 
hemorrhagic fever after, 184 
Hunter’s method of treating, 196 
hypodermoclysis of salt solution in, 203 
in accident cases, 935 


Hemorrhage in operations for exposing 
audito^ nerve, 088 
intermediary, 181 
internal, 174 
calcium chlorid in, 204 
Carnot’s solution in, 205 
constitutional treatment, 203 
gelatin in, 204 
milk in, 205 

reconstructive measures in, 205 
stagnin in, 205 
stypticin in, 205 
thyroid extract in, 205 
into pericardium, effect of, on heart 
action^ 44 

intraperitoneal saline infusion in, 203 
intravenous saline infusion in, 198 
technic, 201 
leukocytosis after, 178 
local remedies in, 205 
Locke’s solution in, 200, 201 
medicinal agents in, 197 
N^laton position in, 196 
neurotrophic dyscrasic, 175 
non-surgical, constitutional treatment, 
2a3 

oil of turpentine in, 207 
oxygen in, 197 
parencliymatous, 181 
pathopjny, 174 
pathologic, 174 
renghawar Djambi in, 205 
phenomena alf>er, 183 
physiologic data, 175 
postotierativc, 207 
effect of jaundice on, 209 
infectious processes as cause, 208 
prognosis, 210 
treatment, 209 

prevention, 180. See also TleTnoatasia, 
prophijladic. 
prima^, 181 

quantitative and qualitative changes 
in, 177 

reactiona^, 181 
reg(jneration of blood after, 178 
saline infusion in, 198 
secondary, 181 

from purulent peri-arteritis, 86 
Squibb ’m suigi^l powder in, 206 
surgical varieties, 180 
symptomatology, 181 
traumatic, 174 
treatment, 195 
constitutional, 195 
systemic, 195 
venous, 180 
warning, of Pirogoff, 87 
Hemorrhagic collapse and shock, differ- 
entiation, 184 
diseases, 210 

fever after hemorrhage, 184 
infarcts, 174 

Hemorrhoids^ 154 , - 

Hemostasis, natural, in wounds of 
arteries, 101 
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Hemostasis, prophylactic, 186 
atmokausis, 194 
cauteiy, 193 

circular constriction, 189 
cold, 194 

conrorcssion in, 188 
ofbrachial, 188 
of common carotid, 188 
femoral, 188 
of iliac arteries, 188 
of subclavian, 188 
Dawbam’s method, 192 
elevation, 186 
of head and trunk, 186 
Esmarch's method, 190 
gravity anemia, 186 
ischemia with elastic constriction, 
192 
heat, 193 
hot-watcr, 194 

in endo-oncurismorrhaphy^ 278 
in {^Ivic and sacral operations, 186 
position, 186 
pressure, 187 
sequestration anemia, 192 
tampon, 103 

temporary instrumental compres- 
sion of arteries for, 123 
vertical elevation, 187 
provisional, 186 

in gunshot wounds of arteries, 101 
in wounds of arteries, 101 
retarded by various factors, 104 
spontaneous, in venous hemorrhage 
from wounds of veins, 166 
permanent, in wounds of arteries, 
104 

temporary, in wounds of arteries, 
101 

Heredity, influence, on surgical prog- 
nosis, 620 

Hermaphroditism, 379 
Hernia^ femoral, local anesthesia in, 1074 
inguinal, local anesthesia in, 1073 
umbilical, local anesthesia in, 1075 
ventral, local anesthesia in, 1075 
Herz-tamponade, 44, 54, 238 
Hewitt's ^hcr inhaler, 1031 
non-asphyxial method of inducing 
nitrous oxid anesthesia, 1036 
Hey's method of amputating leg at mid- 
dfie third, 858 

Hip-joint, ankylosis of, osteotomy of 
femur for, *749 

disarticulation at, anterior racket 
method, 875 
local anesthesia in, 1080 
Wyeth’s method, 872 
excision, 782 
Baker's method, 784 
by anterior incision, 784 
by curved incision, 784 
by strakht external incisbn, 783 
l^genbeck’s method,. 783 
Ollier’s method, 784 
Sayre’s method, 784 


Hip-joint, excision, White’s method, 784 
His’ muscular bundle, 47 
Hodgkin’s disease, arrays in, 1177 
Hoffmeister's method of sterilizing cat- 
gut, 600 

Homorenon as local anesthetic, 1059 
Horsehair as suture material, 602 
Horseshoe type of iliofemor^ phlebitis, 
147 

Horsley's method of removing Gasserian 
gan^ion, 973 

Hospital cars on railroads, 918 
conveniences in surgical organization 
of hospital, 1216 
surgical organization, 1211 
ambul^ce duty, 1222 
conferences in, 1221 
conveniences in, 1216 
methods of electing members of 
surgical staff, 1214 
of election of residents, 1214 
operating-room in, 1219 
signing of documents, 1221 
suigicm instruments in, 1220 
visiting staff and their assistants, 
1211 

Hospitals, railroad, 922 
Hot water for prophylactic hemostasis, 
194 

Hudson’s burrs, 997 
forceps, 998 

Hueters method of excising elbow-joint, 
779 

Humerus, excision of, 767 
of head, 768 
of lower extremity, 768 
of shaft, 768 
of total, 768 

Huntoris method of treating hemorrhage, 

operation for aneurism, 255, 256, 257 
objections to, 258 

Hutchinson’s method of removing Gas- 
serian ganglion, 973 

Hydramnios and cysts of ovary, diffei> 
entiation, 568 
Hydrocele muliebris, 404 
of canal of Nuck, 404 
of vulva, 404 
Hydrocolpos, 381 
Hydrogen peroxid, 597 
Bulphid j^isoning, 1227 
Hydrometra and cysts of ovaiy, differ- 
entiation, 569 

Hydrops tubes profluens, 551 
Hydrosalpinx, 552, 556 
Hyperemia, Bier’s, in Bartholinitis, 301 
tm, Mozkowicz’s, in amputation, 97 
Hypertonic solution, 1051 
Hypertrophic arthritis, arrays in, 1163 
Hypertrophy of cervix, 472 
treatment, 473 
of clitoris, 3to 
of labia minora, 399 
of prepuce of clitoris, 390 
of vulva, 399 
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Hypodermic syringe, 613 
HyTOdcrmoclysis, 614 
of salt solution in hemorrhage, 203 
Hypogastric artery, aneurism of, 334 
Hypothetical question to surgeon as ex- 
I^rt vritness, 1183 
Hypotonic solution, 1051 
Hysterectomy, 539 
abdominal, 542 
Doyen’s method, 544 
for fibroids, 529 
in prolapse of uterus, 407 
operative injuries, 549 
partial, 540 
subtotal, 542 

supravaginal, for fibroids, 530 
vaginal, 540 
after-treatment, 547 
Hysterotrachelorrhaphy, 476 

Iliac aneurism, 333 
causes, 334 
external, 333 
treatment, 336 
internal, 334, 340 
symptoms, 341 
treatment, 341 
prognosis, 335 
symptoms, 335 

artery, ligation, for aneurism of ab- 
dominal aorta, 314 
common, ligation of, 705 

by retroperitoneal method, 706 
compression, tor prophylactic hemos- 
tasis, 188 

extern^, ligation of, 711 

by retroperitoneal route, 711 
by transperitoneal route, 712 
internal, ligation of, 707 

by retroperitoneal method, 708 
by transperitoneal method, 708 
Iliofemoral phlebitis, horseshoe type, 147 
Illuminating gas, accidents from, 946 
asphyxiation by, 1224, 1225 
Implantation of aseptic foreign bodies, 
880, 895 

in plastic surgery, 882, 895 
Incision, exploratory, in gynecologic 
examination, 375 

Index, hemoglobin-, as guide to opera- 
tive interference, 178 
Indol, 595 

Industrial establishments, accidents in, 
924 

Infarcts, hemorrhagic, 174 
Infection in subcutaneous injuries of 
arteries, 108 

influence of, on organization of clot 
in wounds of arteries, 105 
wound, methods of preventing and 
overcoming, 592 
sources of, 591 

Infectious diseases, gangrene after, 1119 
suigery, 1101 

processes as cause of postoperative 
hemorrhages, 208 


Infiltration, endoneural, with local anes- 
thetizing agents in amputations, 802 
Inflammation of Fallopian tubes, 550. 
See also Salpiriffitifi. 
of ovary, 558. S^ also OopkorUU, 
of uterus, 460. See also Metritis. 
peri-uterine, complicating carcinoma 
of uterus, 535 
Influenza, suigery of, 1139 
Infusion apparatus, 614 
Inguinal hernia, local anesthesia in, 1073 
Inhaler, Allis’ ether, 1029 
(lover’s ether, 1030 
Hewitt’s ether, 1031 
Junker’s, for atlministering ehlorpform, 
1024 

Luke’s ethyl chlorid, 1039 
Ormsby’s ether, 1032 
Injuries, multiple, general effects, 940 
relative frequency, 941 
Innominate aneurism, 316 
artery, libation, 067. See also Liga- 
tion of innominate artery. 

InsAnity, sudden, 1230 
Instrumental gynecologic examination, 
369 

Instruments, preparation, for operation, 
642 

sterilization, 642 

Insurance of surgeon, legal aspects, 1196 
Intercostal artery, ligation, 701. Sec 
also LigaHon of intercostal artery, 
Interilio-abdominal amputation, 876 
Intermittent claudication, 96 
Interpleural space, surgical anatomy, 20 
Interpolation of tissue, 890 
Interrupted suture, 602 
Interventricular septum, wounds of, 
causes of sudden arrest of heart action 
in, 49 

Intestine, injury, in ovariotomy, 573 
Intestines, perforation of, in typhoid 
fever, 1101 
diagnosis, 1104 
prognosis, 1105 
symptoms, 1103 
treatment, 1105 
Intifna, 82 

Intoxication of surgeon, legal aspects, 
1189. 

Intraperitoneal saline infusion in hemor- 
rhi^e, 203 

Intrasaccular endo-aneurismorrhimhy in 
external iliac aneurism, 338 
in femoral aneurism, 344 
method of endo-aneurismorrhaphy, 
281 

Annandale’s, 281 
Kikuzi’s, 283 
Matas’, 276 
281 

Intra-uterine inventon of uterus, 511 
Intravaginal inversion of uterus, 511 
Intravenous saline infurion in hemor- 
rhage, 198 
technic, 201 
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Intubation in diphtheria, 1135 
Inversion of uterusi 511 
diamosis, 513 
etidogy, 512 
extravagi^l, 511 
intra^uterine, 51 1 
KOstncr's operation for, 517 
Marcy’s operation for^ 517 
Montgomery's operation for, 517 
non-pueiperal, 512 
puerperal, 511 
symptoms, 513 
taxis in, 516 

Thomas' operation for, 517 
treatment, 515 
lodin, 595 

method of sterilizing catgut, 59Q 
Iodoform, 595 

Ischemia, gravity, yrith elastic constric- 
tion, for propliylactic hemostasis, 
192 

of lower or infra-umbilical half of 
body by circular clastic constriction, 
Mombuig’s metlod of obtaining, 189 
Ischiococcygcus muscle, 420 
Isotonic solutions, 1051 
freezing-point, 1051 

Italian metn^ of symphysiotomy, 488 


Jabovuly and Brian method of circular 
arteriorrhaphy, 132 ^ 

Jaccoud's sign in adhesive pericarditis, 37 
Jaeger-Bona method of disarticulation of 
toes, 843 

Jaundice, effect of, on postoperative 
hemorrhage, 209 

Jaw, lower, ankylosis of, Esmarch’s 
operation for, 762 
operations for, 762 
condyle of, excision, 762 
excision of, 761 
entire, 762 
half of body, 761 
and ramus, 761 
of segment, 762 
plumper after, 765 
prostnetic apparatus after, 765 
temporaiy, 762, 

LimgeiiDeck'fi method, 762 
latei^ operation, 762 
median operation, 762 
Sddillot'a method, 762 
upper, excision of, 753 

by external incision, 756 
by mediolateral incision, 754 
Diffenbach's method, 757 
Fergusson's method, 754 
Langenbeck’s methcxl, 757 
lower sclent, 759 

Gumn’s method, 750 
Malgaigne’s method, 757 
N51aton*s method, 754 
Ollier’s method, 754, 757 
plumper after, 763 
prostnetic apparatus after, 763 


Jaw, upper, excision of, simultaneous, 
757 

subperiosteal, 758 
upper segment, 759 
Velpeau^ method, 754, 757 
Weber’s method, 754 
operations through, to gain access 
to nasophaiynx, 759 
resection of, 753. See also Jaw, 
upper, excision of, 

Joani’s clamp applied in lateral arterior- 
rhaphy, 128 

method of isolating and exposing 
arteries for lateral arteriorrhaphy, 
127 

Jobert’s method of ligating popliteal 
artery, 719 

Johnson’s method of sterilizing catgut, 
600 

Joints, diseases of, in typhoid fever, 1117 
erasion, 774 
excision, 774 
hemophilic, 213 

infections of, non-suppurative, x-rays 
in, 1163 

operations on, 732 
resection, 774 

Jordan's method of amputating arm at 
shoulder-joint, 827 
Jorcs' type of arteriosclerosis, 91 
Joseph's operation for reducing large 
nose, 911 

Jugular vein, ligation, 170 
Junker’s chloroform inhaler, 1024 


Kangaroo tendon, 601 
Keegan’s method of rhinoplasty, 906 
Keen’s interilio-abdominai amputation, 
876 

operation for cranial defects, 748 
Kcimcentren, 179 

Kellar's operation for varicose veins, 163 
Keloid, x-rays in, 1 175 
Kidney diseases, influence, on surgical 
prognosis, 621 
transplantation of, 883 
Kidnevs, effect of chloroform on, 1006 
of ether on, 1007 
effects of multiple injuries on, 940 
Kikuzi's intrasaccular method of endo- 
aneurjsmorrhaphy, 283 
Knee-joint, arthrectomy of, 787 
Senn's method, 787 
Volkmann’s method, 787 
Warbasse's method, 787 
disarticulation at, 863 
erasion, 787 
excision, 784 
Flint’s method. 786 
Hahn’s method, 786 
Kocher's method, 786 
Ollier's method, 786 
Volkmaim’s method, 786 
Walkowitch’s method, 786 
Knock-knee, osteotomy for, 751 
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Knot, flat, 603 
granny, 603 
reef, 603 

gtay-, of Ballance and Edmunds, 663 
surgeon's, 603, 662 

Kocher’s method of excising ankle-joint, 
788 

knee-joint, 786 
shoulder-joint, 776 
of excision of scapula, 767 
of exploratory pericardiotomy in 
wounds of heart, 61 
Rehn’s modification, 62 
of removing Gasseriim ganglion, 973 

Kolpocleisis in vesicov^nal firtula, 457 

Korotkow’s test for choice of operation in 
aneurism, 273 

Kraemer’s operation for varicose veins, 
161 

Kraurosis vulvse, 398 
treatment, 399 

Krause's method of dividing auditory 
nerve, 995 

of skin-j^ting, 896, 899 

Kroneckci^Schraey center, 47 

Kussmaul's sign m adhesive pericardi- 
tis, 37 

Kfistner's operation for inversion of 
uterus, 517 

Kystogenic aneurism, 218 


Labu minora, hypertrophy of, 399 
Laboratory as aid to surgical technic and 
diagnosis, 1198 

control of operative technic, 1198 
diagnosis, bacteriologic specimens for, 
method of coUectii^, 1202 
method of collecting fluids for, 1203 
of making inoculations for, 1203 
of transportation of media, sterile 
tubes, bottles, etc., for, 1^4 
procuring and handling specimens 
intended for, 1201 
spreads of suspected material in, 
1205 

tissues removed for, 1206 

freezing methods for rapid ex- 
amination, 1207 
rapid examination, 1206 
senal sections for rapid examin- 
ation, 1206 

Laborde’s method of artificial respiration 
during anesthesia, 1014 
Laceration of arteries, 104 
of cervix, 473. See also CerviXf laeeror 
tion of, 

of perineum, 423. See also Pmineum, 
tears of. 

Lafay's aseptic bottle, 1204 
Lammectomy, local anesthesm in, 1070 
Langenbeck’s method of excising elbow- 
joint, 779 
hip-joint, 783 
shoulder-J^^Q^’ 776 
upper jaw, 757 


Langenbeck’s method of excising wrist- 
joint, 782 

of temporary division of lower jaw, 
762 

Larrey’s method of disarticulation at 
shoulder-joint, 833 
Larynx, typhoid, 1118 
Lauensteinls method of excising ankle- 
joint, 787 
Laughing gas, 1003 
Lee’s method of sterilizing catgut, 600 
support for maintainihg sitting pos- 
ture, 651, 652 

Leg, amputation of, at lower third, 855 
at middle third, 858 
at upper third, 860 
femorotibial osteoplastic, 866 
bcal anesthesia in, 1080 
osteoplastic, 856 
at upper third, 862 
Bupram^eolar region, 854 
Legal relations of surgeon, 1180 
Letlieon, 1002 

Leukoc;^oBis after hemorrhage, 178 
Leukorrhea in gynecologic examina- 
tion, 357 

Jjevator ani muscle, 419 
Lexer-Gushing method of removing Gas- 
serian gmi^on, 972 
Lexer’s method of rhinoplasty, 905 
Ligaments, broad, cysts of, 561 
surgery of, 550 

round, shortening of, for retroversion 
of uterus, 508 

uterosacral, shortening of, for retro- 
version of uterus, 510 
Ugation anesthesia, 1 049 
for external carotid aneurisms, 326 
iliac aneurism, 337 
for internal carotid ancuriEm, 324 
for subclavian aneurism, 328 
for venous hemorrhage, 168 
in aneurism, 256 
distal, 256 
double, 257 

ra ^ne after, 260 

ominal aorta, 312 
of thoracic aorta, 314 

Brasdor’s principle, 314 
proximal, 257 
objections to, 258 
in carotid aneurism, 319 
in continuity in subcutaneous m- 
juries of arteries, 110 
in innominate aneurism, 316 
in popliteal aneurism, 349 
relapses after, 349 
of abdominal aorta, 704 

transperitoncal method, 704 
through retroperitoneal approach, 
705 

of arteries, 115, 666 
after-treatment, 665 
dealing artery, 660 
closure of wound, 065 
collateral droulation after, 118 
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Ligation of arteries, collateral circula- 
tion after, causes interfering with, 
119 

double, 665 

exposure of artery, 658 
general considerations, 655 
healing after, 116 
immediate, ^ 
incision, 657 
deep, 658 

position and direction, 657 
superficial, 657 
indications, 655 
instruments, 655 
intermediate, 124, 655 
ligature materials, 656 
opeiung sheath, 659 
passing ligature, 661 
permanent, 655 

preliminary control of circulation, 
656 

preparation, 655 
rules for, 119 
single, 655 
temporary, 655 
terminal, 655 
tying knot, 063 
of axillary artery, 170, 687 
first part, 688 
thira part, 690 
of brach.ial artery, 691 
at bend of elbow, 692 
in middle of arm, 691 
of carotid artery, common, 672 

above omohyoid muscle, 673 
below omohyoid muscle, 674 
external, 674 

above digastric muscle, 676 
below digastric muscle, 675 
internal, 682 
of facial artery, 678 

over inferior maxillary, 678 
of femoral artery, 713 

common, at base of Scarpa's tri- 
angle, 715 

supemcial, at apex of Scarpa’s 
triangle, 716 
in Himtcr’s canal, 717 
vein, 169 

of gluteal artery, 710 
upon buttock, 710 

of iliac arteries for aneurism of ab- 
dominal aorta, 314 
conunon, 705 

by retroperitoneal method, 
706 

external, 711 

by retroperitoneal route, 711 
by traiisperitoneal route, 712 
internal, 707 

by retroperitoneal method, 708 
by transperitoneal method, 708 
of innominate artery, 667 

Bardenheuer’s method, 670 
by angular incision, 66i8 
by obhque incision, 669 


Ligation of innominate artery by partial 
bony resection through trans- 
verse and vertical mcisions, 670 
by splitting manubrium stem!, 

Mott’s method, 668 
of intercostal artery, 701 

by intercostal incision, 702 
by partial subperiosteal excision 
of rib, 703 

Hartley’s method, 703 
of jugular vein, 170 
of large venous trunks, collateral cir- 
culation after, 169 
of lingual artery, 676 

beneath hyoglossus, 676 
of mammary arteiy, internal, 686 

in second intercostal space, 687 
of meningeal artery, middle, 680 
anterior branch, 682 
in removal of Gasserian gan- 
glion, 969 

posterior branch, 682 
trunk of, 681 
of occipital artery, 679 

behind mastoid process, 679 
of peripheral arteries for aneurism of 
arch of aorta, 314 
of peroneal artery, 729 
in middle of leg, 730 
of popliteal artery, 718 

in lower part of popliteal space^ 
721 

in upper part of popliteal space,. 
719 

Jobert’s method, 719 
vein, 170 

of puchc artery, internal, 799 
of radial artery, 693 

deep palmar branch, 696 
in lower third of forearm, 696 
in upper third of forearm, 694 
of sciatic artery, 708 
upon buttock, 708 
of subclavian artery, 170, 683 
left, first portion, 684 
right, first portion, 683 
third portion, 684 
of temporm artery, 680 
ju^ above zygoma, 680 
of tibial artery, anterior, 724 
in lower third, 726 
in upper third, 724 
posterior, 727 

behind internal malleolus, 729* 
in middle third, 727 
of ulnar artery, 698 

in lower third of forearm, 701 
in middle third of forearm, 699 
of veins, 168 
of vena cava, 170 
portfB, 170 

of vertebral artery, 686 
Ligatures, 115, 598 
action of, 116 
en masse, 124 
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Ligatures, fate of, 116 
materia for li^tion of arteiy, 656 
passi^, in ligation of arteiy, 661 
provisional, 122 
tying of, 602 
in ligation of arteiy, 663 
Lingual arteiy, ligation, 676 
beneath hyoglossus, 676 
Lipoma of vulva, 403 
Lisfranc’s method .of disarticulation of 
toes, 848 

Lister’s method of excising wrist-joint, 
782 

Liver, cells of, effect of chloroform anes- 
thesia on, 1010 
typhoid infection, 1109 
Locke’s solution in hemorrhage, 200, 201 
Luke’s ethyl clilorid inhaler, 1039 
Lumbar anesthesia, 1082. See also 
Anesthesia, subarachnoid. 
puncture, point for, in subarachnoid 
anesthesia, 1096 

Lungs, abscess of, after pneumonia, 1120 
treatment, 1121 

gangrene of, after pneumonia, 1120 
treatment, 1121 
surgical anatomy, 21 ^ 
wounds of, in pcricardicentesis, 30 
in wounds of heart, treatment, 66 
Lupus of vulva, 393 
a?-rayain, 1175 

Lymphangitis complicating varicose 
veins, 155 

from acute inflammation of uterus, 
462, 463 

Lymphoma, cervical, operations for, 
local anesthesia in, 1066 
Lysol, 594 


MacClcjke’s method of sterilizing cat- 
gut, 600 

Macewen’s method of compression of 
abdominal aorta, 189 
of supracondyloid osteotomy, 751 
operation for aneurism, 251 

Mackenrodt’s operation for retroversion 
of uterus, 51 1 

for urethrovesicov^nal fistula, 452 
for vesicovaeinal fistula, 452 

Malformations ot female genito-urinary 
organs, 380 
of uterus, 383 
of vagina, 381 

M^aime’s method of excising upper 
jaw, 757 

Malpractice, 1186 
negligence of surgeon, 1186 
responsibility of sui]^n for acts of 
others, 1190 

restrictions on liability of suigeon, 
1190 

Mammary artery, inteinal, ligation of, 
686 

in .second intercostal space, 687 
BUigical anatomy, 19 


Mammary vessels, internal, injury to, 
in pencardicentosis, 30 
Marcy ’s operation for inversion of uterus, 
517 

Marital history in gynecologic examina- 
tion, 357 

Marmorek’s serum in puerperal sepsis, 
1130 

Mask, gauze, 635 

Skinner’s, for administering chloro- 
form, 1024 

Mason’s operation on cicatricial de- 
formity of chin and neck, 903 
Massage of heart, 81 

Matas’ intrasaccular method of endo- 
ancurismorrhaphy, 276 
operation for anctinsm, 268 
point in pcricardicentesis, 29 
Mayo’s operation for varicose veins, 
161 

McBumey’s muscle-splitting principle in 
exploratory pericardiotomy, 63 
Measles, surgciy of, 1134 
Meatotomy, low anesthesia in, 1077 
Mechanicsd arteriosclerosis, 93 
Mcdiastinopericarditis, 36 
Mediastinum, anterior, surgical anatomy, 
20 


Meningeal artery, middle, ligation of, 680 
anterior branch, 6^2 
in removal of Gasserian gan- 
glion, 969 

posterior branch, 682 
trunk of, 681 

Meningism after subarachnoid anesthe- 
sia, 1092 
Menopause, 356 

Menorrhagia in gynecologic examination, 
356 

Menstrual history in gynecologic ex- 
amination, 355 

Menstruation, disturbances of, in gyne- 
cologic examination, 356 
Mensuration, abdominal, in gynecologic 
examination, 362 
Mercury, bichlorid of, 592 
biniodid of, 593 
Mesarteritis, 85. 

Mesophlebitis, 144 
Metacarpal bones, excision, 768 


Metastatic piilebitis, 145 
Metatarsal bones, excision, 774 
Metatarsophalangeal joint, first, ex- 


Metatarsophalangeal joint, first, ex- 
cision of, 789 
Metritis, 460 
acute, 461 
chronic, 469 
curettage in, 470 

Metrorrhagia in gynecologic examina- 
tion, 356 

Michel’s metal clips, 647 
Mikulicz’s method of excising astragalus 
and cidcaneiim, 773 
operation for aneurism, 264 
Milk in internal hemorrhage, 205 
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Milk-leg from acute inflammation of 
uterus, 462, 463 

Milligan’s method of dividing auditory 
nerve, 996 

Mills, accidents in, first aid, 925 
peculiarities, 929 

Mill-wlieel bruit in wounds of heart, 55 
Mines, accidents in, 915 
first aid, 925 
peculiarities, 929 

Mintz’s method of pericardiotomy, 34 
Mixed infections in phlebitis, 145 
Moenckebei^ type of arteriosclerosis, 91 
Mombure’s method of obtaining isclie- 
mia of lower or infra-umbilical hdlf 
of body by circular elastic constric- 
tion, 189 

Montgomery's method of shortening 
round ligaments for retroversion of 
uterus, &9 

operation for inversion of uterus, 517 
for posterior colpoccle and rectocele, 
438 

Moore-Corradi operation for aneurism, 
251 

Moore's operation for aneurism, 251 
Morcellement in fibroids of uterus, 520 
Moreau's method of excising elbow-joint, 
780 

Morcschi's operation for varicose ulcers, 
159 

Mosetig-Moorhof method of aseptic bone- 
cavity filling, 743 

Motor disturbances after removal of 
Gasserian ganglion, 981 
Motor-car injuries, peculiarities, 927 
Mott's method of ligating innominate 
arteiy, 668 

Mouth, care of, before anesthesia, 1011 
Mouth-opener, Heister's, 1016 
Movement de roulis in adhesive peri- 
carditis, 37 

Moynihan’s method of sterilizing catgut, 
599 

Mozkowicz's hyperemia test in amputa- 
tion, 97 

Mucous membrane, epithelioma of, x-rays 
in, 1176 
f^rafting, 900 
Multiple operations, 647 
Mumps, suigery of, 1134 
Murder, suigeon's observations in, 1230 
Murmur in aneurism, 236 
Muiphy's invagination method of arte- 
riorrnaphy, 129 
Muscular bundle of His, 47 
^stem, effects of multiple injuries on, 
940 

Myocardium, wounds of, causes of sud- 
den arrest of heart action in, 48 
Myoma of uterus, 517. See also FibroidM 
of uterus. 

Myomectomy, 529 

Naboth, ovules of, 465 

Narath’s operation for varicose veins, 161 


Nasopharynx, gaining access to, Annan- 
oale's meth<M, 760 
Bocckel's operation, 760 
Denker's method, 760 
OUier's method, 760 
operations through upper jaw, 759 
Natural hemostasis in wounds of arteries, 
101 


Nausea after operation, treatment, 650 
Neck, operations on, local anesthesia in, 
1066 

Necrosis of bone, aseptic bone-cavity 
filling in, 744 

Needle-holder, Allen’s, 605 
Richter's, 605 
Needles, 605 

Needling in aneurism, 251 
Negligence of suigeon in malpractice, 
1186 

Ndlaton’s method of excising elbow- 
joint, 779 
shoulder-joint, 776 
upper jaw, 754 
of rhinoplasty, 907 

operation for subtotal loss of nose, 909 
position in hemorrhage, 196 
Nephritis in scarlet fever, 1133 
Nerve, acoustic, neurofibroma of, divi- 
sion of auditory nerve for, 993 
auditory, intracranial surgery, 984. 

See also Aiditory nerve. 
degeneration following endoneural 
anesthesia, 1056 

eighth, intracranial surgery, 984. See 
also Avditary nerve. 
fifth, intracranial Burge|y, 964 
pressure, local anesthesia from, 1049 
trigeminal, intracranial surgery, 964 
Nerves, blocking of, in amputations, 
802, 1056 

Nervous diseases, influence, on surgical 
progposis, 623 
on varicose veins, 152 
system, effects of multiple injuries on, 
940 

Neuralgia complicating varicose veins, 
150 


trigeminal, pathogenesis of, 964 
recurrence of, after removal of 
Gasserian ganglion, 978 
removal of Gasserian ganglion for, 
964. See also Gaeaerian gan' 
dim, removal. 

Neurofibroma of acoustic nerve, divi- 
sion of auditory nerve for, 993 
Neurotrophic dyscrasic hemorrhage,^ 175 
Nicholas’ treatment of osteomyelitis of 
tibia, 737 

Nietert’s bruit in wounds of heart, 55 
Nitrous oxid anesthesia, 1034 
apparatus for^ 1034 
contraindications, 1038 
death-rate, 1005 
Hewitt's method, 1036 
history, 1003 

non-asphyxial method, 1036 
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Nitrous oxid anesthesia, oxygen with, 
1037 

physiologic action, 1034 
use of, before ether or chloroform 
ane^hesia, 1041 

oxid-ether-chloroform anesthesia, 1042 
Noble's modification of Emmet's operas 
tion for posterior colpocele and recto- 
cele, 435 

Nose, ala of, new, construction of, 912 
bent, treatment of, 912 
large, Joseph’s operation for reducing, 
911 

lobule of, new, construction of, 912 
plastic surgery, 904. See also Rhiru)- 
^aaty, 

saddle-, treatment of, 909 
septum of, new, construction of, 
912 

sunken, Roberts’ operation for, 910 
treatment, 909 
twisted, treatment of, 912 
Nosophen, 595 

Novocain as local anesthetic, 1059 
as subarachnoid anestlietic, 1088 
Nuok’s canal, hydrocele, 404 
Nurse's operating garb, 636 


Obesity, influence, on surgical prognosis, 
619 

Obliterative endarteritis, 91. 94 
endo-anourismorrhaphy, 27 1 
Obturator coccygeus, 420 
Occipital artery, ligation, 679 

behind mastoid process, 679 
Ocular complications after removal of 
Gasserian ganglion, 981 
Ogston's osteotomy of lower end of 
femur, 752 

Oil of tuxpentine in hemorrhage, 207 
Oiled silk, sterilization, 609 
Ollier's method of excising astragalus, 
773 

elbow-joint, 777 
hip-joint, 784 
knee-joint, 786 
shoulder-joint, 775 
upper jaw, 754, 757 
wnst-joint, 781 

of exploratory pericardiotomy in 
wounds of heart, 62 
of^jgining access to nasopharynx, 

Olshausen's operation for retroversion of 
uterus, 507 
Oophoritis, 558, 559 
diagnosis, 560 
i^mptoms, 559 
treatment, 560 
Operating garb for nurse, 636 
for surgeon, 636 
room, 589 
ohoioe, 629 
in private house, 630 
in hospital, 1219 


Operating room, preparation of, 629 
table, flnney's portable, 633 
Frazier's, for subtentorial operation, 
991 

Operation, 644 
preparation for, 624 
dressing and transporting patients, 
629 ^ 

emergency, 627 
of ficB, 625 
of patient, 624 

of surgeon, 634. See also Surgeon^a 
j)rep(iration for operation. 
Operations, multiple, 647 
synchronous, 647 
Orcliitis, typhoid, 1118 
Ormsby’s ether inhaler, 1032 
Osteitis deformans, js-rays in, 1167 
operations for, 735 
typhoid, nil 
Osteoma, arrays in, 1 169 
Osteomalacia, a?-rays in, 1167 
Osteomyelitis, acute, operation in, 735 
chronic, aseptic bone-cavity filling, 
742. Sec also BoTUHxmty 
aseptic. 

autopl&^tic operations with bone, 
739 

with soft tissue, 738 
Bier's operation, 740 
l)one-graftlng and transplantation, 
740 

operation in, 737 
sequestrotomy in, 737 
operations for, 735 
subacute, Nicholas' treatment, 737 
operation in, 736 
typhoid, 1113 
arrays in, 1162 
a;-rays in, 1161 

Osteoplastic amputation of leg, 856 
at upper third, 802 
femorotibiai, of leg, 866 
operations, 747 
for cranial defects, 747 
resection of anterior portion of palate, 
759 

, of hard palate, 759 
Osteotomy, cuneiform, 749 
for knock-knee, 751 
of femur, 749 

for ankylosis of hip-joint, 749 
lower end, 751 

Macewen's operatiop, 751 
oblique division of internal con- 
dyle, 752 

Og^n's operation, 752^ 
Bupracondyloid, from inner side, 751 
upper end, 749 

Adams’ operation, 750 
Gant’s operation, 750 
Volkmann's operation, 750, 751 
of long bones, 748 
of tibia, 752 
below tul^rosities, 752 
of shaft, 7^ 
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Osteotomy, subtrochanteric, 750 
Ovarian apoplexy, 558 
hematoma, 558 
pre^ancy, 575, 576 
Ovariotomy, 570 
after-treatment, 574 
contraindications, 570 
drainage in, 573 
injury of bladder in, 573 
of intestine in, 573 
instruments, 571 
preparatory treatment, 571 
technic, 571 
Ovary, absence of, 386 
accessory, 387 
carcinoma, 564 
congenital displacements, 387 
OTsts, 561. ^ also Cysts of ovary, 
dermoid tumors, 563 
fibromyoma, 564 

hematoma of, associated with fibroids 
of uterus, 525 

inflammation, 558. See also Oophori- 
tis, 

rudimentary, 387 
sarcoma, 564 
Bupcmumeraiy, 387 
surgery, 658 

tumors of, complicating carcinoma of 
uterus, 535 
solid; 564 
treatment, 570 
Ovules of Naboth, 465 
Oxygen, action of, on woimds and infec- 
tions, 596 
in hemorrliage, 197 
with dibromrm or ether anesthesia, 
1033 

with nitrous oxid anesthesia, 1037 
Ozone, action of, on wounds and infec- 
tions, 596 


Pain after o|»ration, treatment, 649 
Palate, anterior part, osteoplastic resec- 
tion, 759 

hard, osteoplastic resection, 759 
Palpation, abdominal, in gynecologic ex- 
amination, 361 
Panarteritis, 86 
Pancreatitis, typhoid, 1110 
Panhysterectomy, 543 
Doyen's method, 544 
for fibroids, 530 
Papilloma, hard, of vulva, 401 
Paquelin’s thermocautery, 612 
Paracentesis pericardii, 24. See also 
Pericmdicentesis, 

Paraffin in plastic surgery, 895 
Paralysis cbiring subarachnoid anesthe- 

fadal, after removal of Gasserian 
ga^lion, 980 

Paraphimosis, operations for, local anes- 
thesia in, 1077 

Parathyroid bodies, anatomy, 049 


Parathyroid bodies, blood-supply, 951 
embiyolo^, 954 . 
functional cells, 952 
histology, 952 
history, 948 
pathology, 955 
physiolojy, 964 
principalcells, 952 “ 

surgciy, 948, 955 
tetany after removal, 954 
transplantation, 957 
Parenchymatous hemorrhage, 181 
Parotitis, surgery of, 1134 
Parovarian cysts, 560 
tumors, 560 

Parry’s method of dividing auditory 
nerve, 995 

Pasquin's operation for aneurism, 256, , 

Patching arteries, 139 
of veins, 172 

Payr’s method of circular arteriorrhaphy 
with absorbable magnesium rings, 
130 II * 

Pediculated flap, 890 
Pelvic aneurism, 340 
connective tissue, functions, 421 
diaphragm, functions, 421 
floor, injuries of, treatment, 426 
operations on, 435 

operations, prophylactic hemostasis 
in, 186 

outlet, puerperal injurioff, 419 
structures in female, gross anatomy, 
419 

support, practical study, 422 
Pelvis, bones of, resection, 769 
Penghawar Djambi in hemorrhage, 205 
Penis captivus, 396 
operations on, local anesthesia in, 1076 
Percussion, abdominal, in gynecologic 
examination, 362 

Perforation, intestinal, in typhoid fever, 
1101 

diagnosis, 1104 
prognosis, 1105 
symptoms, 1103 
treatment, 1105 

of gall-bladder in typhoid fever, 1108 
of heart, 51 
Periarteritis, 85 
nodosa, 95 
suppurative, 86 
ulcerative, ^ 

Pericardial triangle of Voinitch-Siano- 
jentsky, 20, 28, 29 
Pericardicentesis, 24 
accidental cardiocentesis, 29 
accidents, 29 

by needle or capillary trocar^ 25 
depth of penetration, 29 
Dieulafoy’s method, 25 
drainage after, 31 
dry puncture, 29 
in pericarditis, results, 30 
infection of pleura in, 26 
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^ericardicentesiB, injury to internal mam- 
mary vesselB, 30 
to pleura, 30 
instruments, 28 
Matas’ point in, 29 
open method, 26, 27 
points of election in, 24, 25 
puncture of heart, 26, 29 
results, 30 
Rotch’s point in, 29 
selection of site of puncture, 24 
sudden deaths, 30 
technic, 24 
Voinitcli’s syringe, 28 
triangle of safety in, 29 
wounding coronary vessels in, 26 
wounds of lungs, 30 
Pericardiotomy, 31 
AUingham’s method, 33 
anestnesia in, 31 
drainage after, 34 
exploratory, in wounds of heart, 59 
history, 1 7 

local anesthesia in, 1,068 
methods, 31 
Mintz’s method, 34 
postoperative treatment, 34 
results, 35 

Riolan^kielderup method, 33 
with resection, 31 
Pericarditis, adliesive, 36 
Brauer’s operation for, 37 
Broadbenrs sign in, 37 
cardiolysis for. 37 
cardioschesis for, 37 
Friedrich’s sign in, 37 
Hein-Kreysi^s sign, 36 
Jaccoud’s sign in, 37 
Kussmaul’s sign in, 37 
movement de roulis in, 37 
pulsus paradoxus in, 37 
Sanders’ sign in, 36 
treatment, 37 
Williams’ sign in, 37 
externa, 36 
in pneumonia, 1122 
interna, 36 

pcricardicentesis in, results, 30 
plastic, 36. See also PericardUis, ad- 
hesive. 

Pericardium, calcification of, 36 
distended, relation of, to heart, 21 
drainage of, after cardiorrhaphy, 70 
foreign bodies in, 39 
hemorrhage into, effect on heart action, 
44 

opening of, in wounds of heart, 67 
puncture of, 24. See also Pericardi- 
eentesis. 

quantity of liquid in, 21 
surgeiy, 17 

wounefs of, 38, 40. See also Heart, 
. wounds of. 

Perineorrhaphy, 435, 436 
Perineum, injuries of, pathology and 
eymptoms, 423 


Perineum, injuries of, treatment, 426 
lacerations of, 423. See also Peri- 
neum, tears of, 
operations on, 430 
tears of, 423 
complete, 423 
accidental, 418 
oi^rativo treatment, 431 
Ristine’s operation for, 433 
Simpson’s operation for, 434 
Tait’s operation for, 431 
Watkins' operation for, 433 
deep, 423 

incomplete, Ilcgar’s operation for, 
430 

operative treatment, 430 
intermecliate operation, 429 
plastic operation, 429 
primary operation, 426 
sccondaiy operation, 429 
superficial, 423 
treatment, 426 
Peri-oOphoritis, 558, 559 
Periosteal dysplasia, a^-rays in, 1166 
Periosteitis, Gyrations for, 735 
Periosteum, elevating, general consider- 
ations, 732 

Periostitis, typhoid, till 
Pcnplieral arteries, ligation, for aneurism 
of arch of aorta, 314 
Periphlebitis, 144 

Peritoneal effusion, localized, and cysts 
of ovaiy, differentiation, 568 
Peritonitis from ruptured extra-uterine 
pregnancy, 580 
in pneumonia, 1123 
pneumococcic, 1124 
diagnosis, 1126 
prognosis, 1127 
treatment, U27 

Peri-uterine inflammation complicating 
carcinoma of uterus, 535 
Permanganate of potassiiun, 595 
Peronem arteiy, ligation, 729 
in middle of leg, 730 
Peroxid of hydrogen, 597 
Pertussis, surgery of, 1 136 
Pessary in prolapse of uterus, 493 
Phalanges, excision of, 769 
Philagnus’ operation for aneurism, 264 
Phimosis, operations for, local anesthesia 
in, 1077 

Phlebectasis, 162 
Phlebitis, 142 
aseptic, 143 
clarification, 143 
clinical history, 146 
complicating varicose veins, 155 
di^osis, 148 
dimise pyogenic, 148 
etiology, 145 

iliofemoral, horseshoe type, 147 
influence dP, on varicose veins, 152 
metastatic, 145 
mixed infections in, 145 
pathogenesis, 145 
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Phlebitis, promosis, 148 
purulent, 143 

symptomatoloey and chemical his- 
to^, 147 

pyofiemc, symptomatology and clinical 
history, 147 

septic non-pyogcnic, 143 
pyogenic, 143 
symptomatology, 146 
toxic, 143 
treatment, 149 
constitutional, 149 
curative, 149 
local, 150 
operative, 150 
preventive, 149 
symptomatic, 150 
Phlebolymphangitis, acute, 147 
Phleboplasty, 172 

circular, 172 * 
lateral, 171 

Phlegmasia alba dolens, 146 
Phlegmonous thecitis, operations for, 
low anesthesia in, 1067 
Physocolpos, 381 

Physometra and cysts of ovary, differ- 
entiation^ 569 

Pirogoff 's disarticulation of foot at ankle- 
joint, 853 

method of amputation of toes, 843 
warning hemorrhages, 87 
Plague, suigeiy of, 1136 
Plasmase, 104 

Plaster, adhesive, in suigical work, 611 
Plasterinff arteries, 139 
Plastcr-of-Paris bandages, 609 
Plastic operation for tears of perineum, 
420 

strategic, 881 

pericarditis, 36. See also PericardUis^ 
adhesive, 
suigeiy, 879 
flaps in, 887, 890 
gangrene in, 887 
general principles, 881 
grafts in, 887, 890 
gypsum bandage in, 891 
history, 879 

implantation in, 882i 895 
methods, 889 
parafhn in, 895 
retrenchment in, 895 
return of sensation in, 888 
soars in, 886 
suppuration in, 887 

Plethora, aqueous, mter hemorrhage, 183 
influence, on sunpeal prognosis, 619 
Pleura, drainage o^ after cimiorrhaphy, 
70 

infection of, in i^ricardicentesis, 26 
injury to, in pericardicentesis, 30 
wounds of, in wounds of heart, treat- 
ment, 66 

Pleural culs-de-sac, anterior, surgical 
anatomy, 19 


Pleuropericardial infection in wounds of 
heart, 67 

Pleurotomy, local anesthesia in, 1068 

Plumper after excision of lower jaw, 705 
of upper jaw, 763 

Pneumococcic arthritis, 1127 
prognosis, 1128 
treatment, 1129 
pericarditis, 1122 
peritonitis, 1124 
diagnosis, 1126 
prognosis, 1127 
treatment, 1127 

Pneumococcus, surgical diseases caused 
by, 1120 

Pneumonia, abscess of lung after, 1120 
treatment, 1121 
arthritis in, 1127 
prognosis, 1128 
treatment, 1129 
empyema after, 1120 
gangrene of lung after, 1120 
treatment, 1121 
pericarditis in, 1122 
peritonitis in, 1123 
pyopericarditis in, 1123 
seropericarditis in, 1123 
surgical conditions associated with, 
1120 

Pneumothorax in wounds of heart, treat- 
ment, 66 

Point, Matas’, in pericardicentesis, 29 
Rotch’s, in pericardicentesis, 29 
Voinitch’s, in pericardicentesis, 29 

Points of election in pericardicentesis, 24, 
25 

Poironing by hydrogen sulphid, 1227 
by illuminating gas, 1224 
by sewer-gas, 1227 

delayed, from chloroform anesthesia, 
1026 

Polyarteritis nodosa, 95 

Poplit^l aneurism, 344 

etiology and pathogenesis, 344 
ideal operation in, 350 
intrasaccular endo-aneurlsmorrha- 
, phy, 349 
ligation in, 349 
relapses after, 349 
lower, 345 

pathologic anatomy, 345 
prognosis, 347 
radical operation in, 349 
symptoms, 347 
treatment, 347 
operative, 349 
upper, 345 

artery, hgation of, 718. See also Lt- 
porion of artery, 

vein, ligation, 170 

Porro-Cesarean section, 486 
technic, 487 

Porter’s method of exploratory peri- 
cardiotomy in wounds of heart, 62 

Postoperative complications, 653 
treatment, 648 
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Fotain’s aspirati^ appaiatus, 614 
Fotaasium lodid in aneurism, 248 
permanganate, 595 
Fregnancy, abdominal, 576 
and cysts of ovaiy, differentiation, 568 
and ovarian qyst, 566 
appendicitis in, surgery, 1129 
associated with carcinoma of uterus, 
535 

with fibroids of uterus, 525 
cornual, 576 

ectopic, 575. See also ExtroruUrine 


pregnancy, 

extra-uterine, 575. See also Extras 
uterine pregnancy, 
influence of, on varicose veins, 152 
interstitial, 576 
ovarian, 575, 576 
pyelonephritis of, 1131 
surgery during, 1129 
tubal, 575, 576 
rupture in, 577 
tubo-ovarian, 576 
Frcpuce of clitoris, adhesions, 399 
hypertrophy, 399 
PresenUe arteriosclerosis, 94 
Pressure in prophylactic hemostasis, 187 
Procidentia, 490 
Prolapse of uterus, 490 
maraosis, 492 
etimogy, 491 
hysterectomy in, 497 
pessary in, 493 
symptoms and signs, 491 
treatment, 492 
operative, 494 
prophylactic, 492 
uterova^nal, 490 
vagino-uterine, 490 

Prosthetic apparatus after excision of 
bwer jaw, 765 
of upper jaw, 763 
Protargol, 596 
Protectives in surgery, 607 
Provisional hemostasis in gunshot 
wounds of arteries, 101 
in wounds of arteries, 101 
retarded by various factors, 104 
ligature, 122 
mediw, 123 
technic, 122 
Pruritus vulvse, 394 


treatment, 395 
Pseudohermaphroditism, 379 
androgynous, 379 
gynandrous, 379 

PseudoprolaTOUs of cervix, 465, 491 
Pmhic shock in accident egSes, 935 
PuDiotomy, 489 
Pudendal hematoma, 417 
Pudio artery, internal, ligation of, 709 
Puerperal eclampsia, surgical treatment, 


fever, 463 

injuries of pelvic outlet, 419 
sepsis; Marmordc's serum in, 1130 


Puerperal sepsis, surgical treatment, 
1130 

septic thrombophlebitis, operative 
treatment, 151 
vulvitis, 390 

Puerperium, surgery of, 1129 
Pulsatii^ abscess and aneurism, differ- 
entiation, 239 
hematoma, 107, 218 
Pulsation in aneurism, 235 
Pulse, changes in, in arteriovenous 
aneurism, 298 

Pulsus paradoxus in adhesive pericardi- 
tis, 37 

Puncture, dry, in pericardicentesiB, 29 
lumbar, point for, in subarachnoid 
anesthesia, 1096 

of heart in pericardicentesis, 26, 29 
of pericardium, 24. See also Fericardir 
centeaie, 

Purmann's operation for aneurism, 264 
Purulent arteritis, 86 
phlebitis, 143 

symptomatology and clinical his- 
tory, 147 

Pyelonephritis of pregnancy, 1131 
I^ocolpos, 381 
Pyogenic arteritis, 86 
phlebitis, diffuse, 148 
symptomatology and clinical his- 
tory, 146 

Pyopericarditis in pneumonia, 1123 
lyosalpinx, 553 
double, 554 


Quarry accidents, peculiarities, 929 


Rage in aneurism, 242 
Rachitis, a;-ray8 in, 1164 
Radial arte^, ligation, 693. See also 
Lifotion of radtm artery. 

Radium in siugery, 1178 
Radius, excision of, 768 
Railro^ accidents, 915 
pcculiaritieB, 926 
hospitals, 922 
surgeons, meetings of, 924 
Railroads, hospital cars on, 918. See 
also Hoepual care on railroads, 
surgical stw, organization of, 917 
Reconstructive endo-aneurismorrhaphy, 
271 

surgery, 879. See also PlaMic sur- 
gery. 

Rectal gynecologic examination, 368 
Rectoede in fenwe, 426 

Emmet’s outline resection for, 440 
Montromery’s operatbn for, 438 
Noblds modification of Emmet’s 
operation for, 435 
opdations for, 435 
Tait’s operation for, 441 
Rectoperineu fistula, 4^ 

Rectovaginal fistula, 458 
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Rectum, operatioiis on, local anesthesia 
in, 1077 

Red clot, functions of, in wounds of 
arteries, 102 
in imeurism, 229 

Redressing of wound after operation, 648 
Reef knot, 603 

Refrigeration in aneurism, 251 
Regeneration of arteries after arterior- 
rhaphy, 138 
of blood, 178 

Rehn’s modiBcation of Kocher’s method 
of exploratory pericardiotomy in 
wounds of heart, 62 

Reid-Clementi treatment of aneurism, 
254 

Reid’e treatment of aneurism, 254 
Relaxation incisions, 889 
suture, 603 

Renal calculi, arrays in detecting, 1 153 
Resection. See also Excision. 
for varicose veins, 160 
of bonesi 753 
for malignant tumors, 745 
of upper jaw, 753. ^ also Jaw^ 
upper f resection of. 

Resections etagdes, 159 
Resident suigeon, methods of electing, 
1214 

Respiration, artiBcial, in failure of respir- 
ation duiini^ anesthesia, 1013 
failure of, dunng anesthesia, artiBcial 
respiration in, 1013 

Respiratory organs, acute lesions, in- 
fluence, on surreal prognosis, 620 
system, effect of chloroform anesthe- 
sia on, 1019 

effects of multiple injuries on, 940 
Restorative endo-aneurismorrhaphy, 271 
Retention cysts of cervix, 465 
Retrenchment in plastic surgery, 896 
Retroflexion of uterus, 502 

treatment, 503. See also Retro- 
version of uterus. 

Retroperitoneal tumors and cysts of 
ovary, differentiation, 569 
Retroversion of uterus, 501 

Alexander’s operation for, 507 
DQhrssen’s o^ration for, 511 
Mackenrodt’s operation for, 511 ^ 
Montgomeiy’s method of shortening 
round ligaments in, 509 
Olshausen^ operation for, 507 
Schucking’s operation for, 511 
Schultse’s treatment, 505 
shortening of uterosacral ligaments 
for, 510 

of round ligaments for, 508 
treatment, 503 
hygienic, 503 
mechanic, 504 
operative, 506 
vagmal fixation for, 511 
operations for, 511 
ventrofixation of uterus for, 507 
ventrosuBpension of uterus for, 507 


Reverdin’s method of ddn-grafting, 896 
Rheumatism, scarlatinal, 1133 
surgery of, 1133 
Rhinopl^y, 904 
brachial, 908 
complete, 882 
Keegan’s method, 906 
Lexer’s method, 905 
Ndlaton’s method, 907 
subtotal method, 909 

r ial, 882 

resection of, local anesthesia in, 

im 

Richter^s needle-hoider, 605 
Rickets, ar-rays in, 1164 
RiolaneSkieldcrup method of pericardi- 
otomy, 33 

Ristine’s operation for complete tears of 
perineum, 433 

R(^, law of, as pertaining to surgeon, 
1196 

Roberts’ operation for sunken nose, 910 
Rodent ulcer, asray in, 1175 
ROntgen ray in surgery, 1143. See’ also 
X-ray. 

Rotation of aneurismal sac, 223 
Rotch’s point in pericardicentesis, 29 
Rouge’s treatment of carotid aneurism, 
319 

Round ligaments, shortening, for retro- 
version of uterus, 508 
Rowntree’s fluid for preservation of 
specimens, 1209 
Rubber dam, sterilisation, 609 
gloves, 640 
sterilization, 640 
tissue, sterilization, 609 
Ruhmkorff’s coil, 1144^ 

Rupture in aneurism, signs, 238 
in extra^uterine pregnancy, 577 
of arteries, 105 
of cystic tumor of ovary, 566 
of heart, 51 
of uterus, 479 
treatment, 480 
of varicose veins, 155 


Sacciform aneurism, 218, 221 
Sacral ' operations, prophylactic hemos- 
tasis in, 186 

Saddle-nose, treatment, 909 
Salioylic add, 595 
Saline infusion in hemorrhage, 198 
technic, 201 

intraperitoneal, in hemorrhage, 203 
solution, 596 

Salomoni’s method of circular arterior- 
rhaphy, 132 
Salpixigitis, 550 
enraaio, 556 
diagnosis, 554 
symptoms, 554 
treatment, 556 

Salt solution, enteroclyra of, in hemor- 
rhage, 203 
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Salt solution, hypodermoclysis of, in 
hemorrha^, 203 
mode of admi^tcring, 597 
normal, in circulator failure In 
chloroform anesthesia, 1026 
Sand-bags in surgical work, 612 
Sanders' sign in adhesive pericarditis, 
36 

Sarcoma and aneurism, differentiation, 
240 

giant-cell, of bone, x-rays in, 1169 
of bone, x-rays in, 1169, 1170 
of ovary, .564 
of uterus, 538 

and carcinoma of uterus, differentia- 
tion, 537 
of vamna, 415 
of vulva, 408 
x-rays in, 1176 

Sarcomatous degeneration, fibroids of 
uterus associate with, 524 
Sayre's method of excising hip-joint, 784 
Scalds, 1228 
Scapula, excision of, 766 
Kocher's method, 767 
of head of, 767 
Scarlatinal rheumatism, 1133 
Scarlet fever, nephritis in, 1 133 
surgery, 1132 

Scarpa's operation for aneurism, 255, 256 
Scars, depressed, operation for, 889 
in plastic surgery, 886 
Sch&fer’s method of artificial respiration 
during anesthesia, 1013 
Schede's clot for aseptic bone-cavity 
filling, 742 

operation and its modifications for 
^ varicose veins, 159 
* for ureterova^nal fistula, 456 
Schroder's operation for laceration of 
cervix, 478 

Schucking's operation for retroversion 
of uterus, 511 

Schultze's treatment of retroversion of 
uterus, 505 

Schwartz’s test for insufiiciency of valves 
in varicose veins, 154 
Sciatic arteiy, ligation, 708 
upon Duttock, 708 

Scopolamin-morphin anesthesia, 1043 
Scorbutus, surgery of, 1138 
Scrofuloderma, x-rays in, 1175 
Scrotum, operations on, local anesthesia 
in, 1077 

Scurvy, surgery of, 1138 
Secreting organs, effects of multiple in- 
juries on, 940 

S^dillot’s method of tempomry division 
of lower jaw, 762 
Senile arteriosclerosis, 02 
Senn’s method of arthrectomy of knee- 
joint, 787 

of excising shoulder-joint, 777 
tongue-holding forceps, 1016 
Sensation, return of, in plastic surgery, 
888 


Sepsis, puerperal, Marmorek’s serum in, 
1130 

surgical treatment, 1130 
Septic endarteritis, localized, of embolic 
(pyemic) origin, 87 
non-pyogcnic milcbitis, 143 
pyo(^nic phlebitis, 143 
thrombophlebitis, acute, operative 
treatment, 150 

puerperal, operative treatment, 151 
Septum, interventricular, wounds of, 
causes of sudden arrest of heart ac- 
tion in, 49 

of nose, new, construction of, 912 
Sequestration anemia for prophylactic 
hemostasis, 192 

Sequestrotomy in chronic osteomyelitis, 
737 

Scropericarditis in pneumonia, 1123 
Serotherapy in hemophilia, 215 
Serum, Marmorek's, in puerperal sepsis, 
11.30 

treatment, Beebe's, of tetany, follow- 
ing thyroidectomy, 957 
Sewer-gas, aspliyxiation by, 1227 
Sex in aneurism, 242 
Sexual oigans, diseases, in typhoid fever, 
1118 

Shirt-stud abscess in typhoid fever, 1113 
Shock after abdominm hysterectomy, 
treatment, 547 

and hemorrhagic collapse, differentia- 
tion, 184 

delayed, in accident cases, 935 
effect of, on hemostasis in wounds of 
arteries, 104 

electric, treatment of, 943 
in accident cases, 935 
treatment, 935 

psychic, in accident cases, 935 
Shortening of round ligaments for retro- 
version of uterus, 508 
of uterosacral ligaments for retrover- 
sion of uterus, 510 

Shoulder-joint, disarticulation at, ante- 
rior racket method, 829 
external racket method, 833 
excision, 775 
by deltoid flap, 776 
by division of acromion through 
posterior incision, 776 
Kocher's method, 776 
Langenbeck's method, 776 
N^^laton’s method, 776 
Ollier's method, 775 
Senn's method, 777 
through anterior incision, 775 
curved osteoplastic incision, 777 
transverse incision, 776 
vertical incision, 770 
Sianojentsky and Voinitch triangle of 
safety, 20, 28, 29 

Sign, Broadbent’s, in adhesive peri- 
carditis, 37 

Friedrich's, in adhesive pericarditis, 
37 
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Sign, Hein-Kreysig, in adhesive peri- 
carditis, 36 

Jaccoud’s, in adhesive pericarditis, 
37 

KussmauFs, in adhesive pericarditis, 
37 

Sanders', in adhesive pericarditis, 36 
Williams’, in adhesive pericarditis, 37 
Silicate of soda bandage, 610 
Silk as suture and ligature material, 601 
oiled, sterilization of, 609 
Silkworm-gut, 601 
Silver as antiseptic, 596 
wire as suture material, 602 
Simpson's operation for complete lacera- 
tions of pt'rineum, 434 
Sinus infection, endocranial, Operative 
treatment, 151 
Skene's duct, abscess of, 392 
treatment, 393 

Skin, cicatricial deformities, 900 
effects of multiple injuries on, 940 
Skin-grafting, 806 
history, 880 

in granulating ulcers, 896 
Krause’s method, 896, 899 
local anesthesia in, 1079 
Keverdin’s method, 890 
Tliiersch’s method, 896, 897 
Wolfe’s method, 896, 899 
Skinner's mask for administering chloro- 
form, 1024 

Skull, Hudson's burrs and forceps for 
opening, 997 
means of opening, 997 
Small-pox, surgery of, 1139 
Smith's disarticulation at knee-joint, 863 
Smoke asphyxia, 1223 
Soft a;-ray8, 1147 

Sound, uterine, in gynecologic examina- 
tion, 370 

Space, costoxiphoid, 33 
interpleural, surgical anatomy, 20 
Spangaro’s metliod of exploratoi’y peri- 
cardiotomy in wounds of heart, 63 
Specimens, deffnitivc preservation, for 
museum and teaching purposes, 
1208 

intended for laboratory diagnosis, pro- 
curing and handling, 1201 
Spence’s method of disarticulation at 
shoulder-joint, 829 

Spiller-Frazicr method of removing 
Gasserian ganglion, 974 
Spinal anesthesia, 1082. See also Aftes- 
thesiat ftyharachnvid. 

Spine, typhoid, 1114 
treatment, 1116 

Spleen, abscess of, after typhoid fever, 
1110 

hemorrhage from, in typhoid fever, 

nil 

typhoid, 1110 
Spongy in su^ery, 607 
Spongia somnifora, 1000 
Spor^ic hemophilia, 211, 212 


Spreads of suspected material in labora- 
tory diagnosis, 1205 
Squamous-cell carcinoma of uterus, 530 
Squibb’s suigical pow'der in hemorrhage, 
206 

Ssabanajeff’s femorotibial osteoplastic 
amputation of leg, 866 
St^mn in aneurism, 248 
in internal hemorrhage, 205 
Stay-knot of IBallancc and Edmunds, 663 
Steamboat accidents, peculiarities, 928 
Stenosis of vagina, 381 
Sterile water, plain, during operations, 
598 

Sterility in female, 582 
diagnosis, 584 
treatment, 585 

of instruments used during operation, 
method of determining, 1200 
of materials used during operation, 
method of determining, 1200 
Sterilization, chemical, of hands, 639 
of catgut, 598, 599. See also Catgut, 
sterilization of, 
of drains, 608 
of gutta-percha tissue, G09 
of instruments, 642 
of oiled silk, 009 
of rubber dam, 609 
gloves, 640 
tissue, 609 

of water, incomplete, for operation, 
method of detecting, 1201 
Stich’s method of sterilizing catgut, 601 
Stimulation of heart for suspended ani- 
mation, 80 

Stomach, care of, before anesthesia, 1009 
Slovaiij tts subarachnoid anesthetic, 1087 
Strategic plastic operations, 881 
Stretcher, coat, 934 
improvised, 934 
Stretching of arteries, 105 
Stricture of csopliagus after typhoid 
fever, U08 

Strychnin in circulatory failure in cliloro- 
fonn anesthesia, 1025 
Stump, cicatrices of, position, 804 
Stypticin in internal tiemorrhagc, 205 
Styptics, chemic, in hemorrhage, 206 
Subarachnoid anesthesia, 1082. See also 
Ansstkesia, subarachnoid. 

Subclavian aneurism, 327 
diagnosis, 327 
ligation for, 328 
prognosis, 327 
symptoms, 327 
treatment, 328 
operative, 328 

arteiT, compression, for prophylactic 
hemostasis, 188 

ligation, 170, 683. See also Liga- 
tion of svbdavinn artery. 
vein, suture, 172 
Subcuticular suture, 603 
Subtroclianteric osteotomy, 750 
Suicide, surgeon’s observations in, 1231 
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Sunken nose, Roberts’ operation for, 
910 

treatment, 909 

Sunlight, action of, on bacteria, 597 

Suppuration from ruptured extra-uterine 
pregnancy, 580 
in plastic surgery, 887 
in subcutaneous injuries of arteries, 
108 

Suppurative i^eriarteritis, 80 

Supracondyloid osteotomy of femur from 
inner side, 751 
outer side, 751 

Suprapubic cystotomy, local anesthesia 
m, 1075 

Suprarenal preparations in subarachnoid 
anesthesia, 1089 

Suprarentn as local ancstlietic, 1059 

Supravaginal liysterectomy for fibroids, 
530 

Surgeon as witness, 1 180 
expert, 1182 

cross-examination of, 1 184 
demeanor of, J 184 
fees of, 1184 

hypothetical question, 1 183 
Quoting books, 1 184 
skill required, 1 183 
ordinary, 1180 

compulsory attendance in court, 
1180 

dying declarations, 1181 
manner of testifying, 1181 
original notes of, 1180 
privilege<l communications, 1182 
business considerations, legal aspects, 
1195 

communications not privileged, legal 
aspects, 1 189 

drawing wills by, legal aspects, 1195 

. duty of, in cases of crime, legal aspects, 
1194 . 

ethical considerations, legal aspects, 
1194 

financial arrangements as to cost of 
operation, legal aspects, 1 196 
general standard of requirements, 
legal aspects, 1187 

gratuitous service, legal aspects, 1188 
insurance of, legal aspects, 1196 
intoxication of, legal aspjects. 1189 
intrusion of non-profossional stranger 
by, in operation, legal aspects, 1196 
law of road as pertaining to, legal as- 
pects, 1196 
legal relations, 11^ 
location to be considered, legal aspects, 
1187 • 

must continue in attendance, legal as- 
sets, 1189 

follow established modes of practice, 
legal asp^ts, 1189 
guard patient against contagion, 
legal aspects, 1 189 
instruct patient and nurse, legal as- 
pects, 1189 


Surgeon must obtain consent to autopsy, . 
legal aspects, 1188 
to operation, legal aspects, 1188 
use his best jud^ent in operation, 
legal aspects, 1 189 

obtaining of witnesses by, legal as- 
pects, 1196 

ordinary skill, legal aspects, 1187 
responsibility of, for acts of others, 
legal aspects, 1 190 

restrictions on liability of, legal as- 
pects, 1190 

Surgeon’s knot, 003, 662 
operating garb, 636 
preparation for operation, 634 . 
hands, 636 
immecliat>o, 6:15 

Surgeons, railroiul, meetings of, 924 
Surgical diagnosis, laboratoiy as aid to, 
1198 

diseases caused by pncumoccocus, 1 1 20 
instruments in organization of hospi- 
tal, 1220 

organization of hospital, 1211. Sec 
also HoitpUalf surgical organiza- 
tion, 

staff of hospital, methods of electing, 
1214 

railroad, organization, 917 
technic, 587 

laboratoiy as aid to, 1198 
contnd, 1198 
materials employed, 598 
study of patient, 619 
the operation, 644 
Suture, continuous, 602 
en masse, 124 
interruxiterl, 602 

of arteries, 125, See also Artcrior- 
rhnphy, 

of cervix for lacerations, 476 
of femoral vein, 172 
of heart, control of hemorrhage by 
digital compression during, 44 
of subclavian vein, 172 
of veins, 171. See also Phleborrhaphy . 
of vena porta*, 172 
• relaxation, 60:i 
subcuticular, 603 
Sutures, 598 
removal, 605 
tying of, 602 

Swallowing of tongue during anesthesia, 
treatment of, 1016 

Sylvester’s method of artificial respira- 
tion during anesthesia, 1013 
Byrnes’ disarticulation of foot^at ankle- 
joint, 852 

intrasaccular method of endo-aneuria- 
morrliaphy, 281 
Symphysiotomy, 487 
American method, 488 
French method, 488 
Italian method, 488 
technic, 488 

Synchronous operations, 647 
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^ypliilw, influence, on surgical prognosis, 
621 

of bones, x-rays in, 1160, 1161 
Syphilitic condyloma of vulva, 401 
mceration of cervix and carcinoma of 
uterus, differentiation, 536 
Syrinx, hypodennic, 613 
for local anesthesia, 1061 
for subarachnoid anesthesia, 1095 


Table, Finney's portable operating, 633 
improvised Trendelenbuig, 632 
Tail’s operation for complete laceration 
of perineum, 431 

for posterior colpocclo and rectocele, 

Tampon for prophylactic hemostasis, 193 
Tarsd bones, excision, 770 
Taxis in inversion of uterus, 516 
Teale’s metliod of amputation by un- 
equal rectangular flaps, 709 
Tears of perineum, 423. See also Peri- 
neunif tears of. 

Teeth, extraction of, local anesthesia in, 
1065 

Temperament, influence, on surgical 
prognosis, 619 

Temporal arteiy, ligation, 680 
just above zygoma, 680 
Tenaculum in gynecologic examination, 
, 370 

Tendon, kangaroo, 601 
Test, blood-pressure, as aid in determin- 
ing form of endo-aneurismorrhaphy, 

curetment, in gynecologic examina- 
tion, 372 

Dclbet’s, for insufliciency of valves 
in varicose veins, 154 
excision, in gynecologic examination, 
372 

Korotkow's, for choice of operation in 
aneurism, 273 

Moskowicz’s hyperemia, in amputa- 
tion, 97 

Schwartz’s, for insufliciency of valves 
in varicose veins, 154 
Trendelenburg’s, for insufficiency of 
valves in varicose veins, 154 
Testes, operations on, local anesthesia in, 
1077 

Tetany from pi^tliyzoidcctomy, 054 
parathyreopriva, 954, 955 
Beebe’s serum treatment, 957 
Chvostek’s symptom in, 956 
Erb’s symptom in, 057 
Trousseau^s symptom in, 956 
Thecitis, phlegmonous, operations for, 
bcal anesthesia in, 1067 
Thermal disinfection, capsules for con- 
trolling, 1200 
Thermocautery, 613 
Paquelin’s, 012 

Thiersch’s method of, skin-grafting, 896, 
897 


Thiersch’s solution, 595 
Thigh, amputation of, just above con- 
dyles of femur, 865 
of lower, middle, or upper third, 869 
third, 868 

Thirst after operation, treatment, 650 
Thomas’ forceps-tourniquet, 830, 831 
operation for inversion of uterus, 517 
Thoracic aorta, aneurism of, ligation in, 
314 

Thoracoplasty^ 882 
Thoracotomy in wounds of heart, 58 
Thorax, o|ierations on, local anesthesia 
in, 1068 

Thrill in arteriovenous aneurism, 297 
Tlirombectomy, 98 
for varicose veins, 161 
Thrombo-angiitis obliterans, 95 
Thrombo-artcrial obstructions of ex- 
tremities, observations of interest in 
surgical treatment, 06 
Thrombo-arteritis, 90 
Thrombophlebitis, acute septic, opera- 
tive treatment, 160 
puerperal septic, operative treatment, 
151 

Thrombosis, 146 

of cerebral arteries, diagnosis, 1223 
Thrombus, Broca’s, in aneurism, 228, 229 
organization of, in wounds of arteries, 
104 

influence of infection on, 105 
red, in aneurism, 229 
or passive, functions, in w'ounds of 
arteries, 102 

Schede’s, for aseptic bone-cavity fill- 
ing, 742 

white, functions of, in wounds of arte- 
ries, 102 

in aneurism, 228, 229 
Thumb, disaTticulation, at metacarpo- 
phalangeal joint, 812 
with metacarpal, 815 
Thyroid extract in hemophilia, 215 
in internal hemorrhi^e, 205 
gland, transplantation, 882 
tumors, influence, on surgical prog- 
nosis, 624 
Tibia, excision, 770 
osteotomy, 752. See also Osteotomy 
of tibia. 

Tibia! artery, anterior, ligation of, 724 
in lower third, 726 
in upmr third, 724 
posterior, ligation of, 727 

behind mtemal malleolus, 729 
in middle third, 727 
Tic douloureux, pathogenesis, 964 

recurrence, after remove of Gasse- 
rian ganglion, 078 

removu of Gasserian ganglion for, 
964. See also Oasserian gan^ion, 
removal. 

Tinnitus aurium, division of auditory 
nerve for, 994 
operative records, 005 
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Tissue, displacement of, 889 
interpolation of, 890 
Tissues removed for laboratoiy diagnosis, 
1206 

rapid examination, 1206 
Toes, amputation, at first phalanx, oval 
method, 839 

at last phalanx by plantar flap, 837 
at second phalanx by plantar flap, 
838 

with part of metatarsals, 844 
disarticulation, at first interplialangeal 
joints, oval method, 838 
at metatarsophalangeal joints, 840 
at second interphalang^ joint by 
plantar flap, 838 
at tarsometatarsal joints, 848 
en masse at metatarsophalangeal 
joints, 842 

• with metatarsals, 84fi 
great, disarticulation of, with meta- 
tarsals, 845 

little, disarticulation of, at metatarso- 
phalangeal joint, 841 
with metatarsals, 847 
two adjoining, disarticulation of, at 
metatarsophalangeal joint, 842 
or tlirce contiguous, disarticulation, 
with metatarsals, 848 
Tongue, swallowing of, during anesthesia, 
treatment, 1016 

Torsion in wounds of arteries, 113 
of pedicle in cysts of ovary, 565 
Toxic arteriosclerosis, 93 
arteritis, experimental aneurisms ob- 
tained by production of, 245 
phlebitis, 143 
Trachelorrhaphy, 476 
Tracheotomy in diphtheria, 1135 
Transfusion, direct, of blood, 615 
Brewer's tube for, 618 
Crilc's technic, 616 
Hartwell's technic, 617 
Transplantation, bone-, in ciironic osteo- 
myelitis, 740 
of flaps, 893 
of parathyroids, 957 
Transportation of accident cases, 933 
of media, sterile tubes, bottles, etc., 
method of, for laboratoiy diagnosis, 
1204 

of patients, means and methods, 1231 
Transporting patients before and after 
operation, 629 

Traumatic aneurism, 107, 218 
hemorrhage, 174 

Traumatism as cause of aneurism, 244 
of arteriovenous aneurism, 292 
of vagina, 418 

of veins, 165. See also Wounds of 
veins, 

of vulva, 417 

Trendelenburg's operation for varicose 
vdns, 150 

' posture in failure of circulation during 
anesthesia, 1017 


Trendelenburg’s table, improvised, 632 
test for insi^ciency of valves in vari- 
cose veins, 154 

Triangle of safety of Voinitch and Sianoj- 
entSky, 20, 28, 29 

Trigeminal nerve, intracranial surgery, 
964 

neuralgia, patliogenesis, 964 
recurrence, after removal of Gasse- 
rian ganglion, 978 
removal of Gasserian ganglion for, 
964. See also Gasserian ganglian, 
removal. 

Tropacocain as subarachnoid anesthetic, 
1087 

Trophic disturbances after removal of 
GoHscrian ganglion, 981 
Trousseau’s phenomenon in tetany para- 
thyreopriva, 956 
Tubal abortion, 576 
pregnancy, 575, 576 
rupture in, 577 
Tubercle, (^iiassaignac’s, 188 
Tuberculosis, influence, on surgical prog- 
nosis, 620, 622 

of bone, aseptic bone-cavity filling in, 
744 

ji^rays in, 1 158 
of vagina, 410 

Tuberculous adenitis, x-rays in, 1 177 
Tubo-ovarian cysts, 562 
double, 555 
pregnancy, 576 

Tuffnell’s treatment of aneurism, 247, 
248 

Tumors and aneurism, differentiation, 
239 

dermoid, of ovary, 563 
in aneurism, 235 

malignant, resection of bone for, 745 
of auditory nerve, removal, 992 
of bone, aseptic bone-cavity filling 
after removal, 744 
of Fallopian tubes, 558 
of Gasserian ganglion, 982 
treatment, 983 

of ovary complicating carcinoma of 
uterus, 535 
solid, 5M 
treatment, 570 
of uterus, 517 
benign, 517 

fibroid, 517. See also Fibroids of 
uterus, 

malignant, 517 
parovarian, 560 

retnmritoncal, and cysts df ovary, 
differentiation, 569 

thyroid, influence of, on surgical 
pro^osis, 624 

Turpentine, oil of, in hemorrhage, 207 
Twisting of arteries, 105 
Tympanites and c^sts of ovary, differen- 
tiation, 567 

Typhoid fever, abscess of spleen after, 
1110 



1270 


INDEX. 


Typhoid fever, appendicitis during, 1108 
cystitis in, 1119 
diseases of joints in, 1117 
of sexual organs in, 1118 
epididymitis in, 1118 
epiduim abscess after, 1116 
gangrene after, 1119 
hemorrhage from spleen in, 1111 
infection of bile-passages in, 1109 
of bones in, 1111 
etiobgy, 1112 
symptoms, 1113 
treatment, 1113 
of liver in, 1109 
intestinal perforation in, 1101 
diagnosis, 1104 
prognosis, 1105 
symptoms, 1103 
treatment, 1105 
joint affections in, 1117 
laiy^al complications, 1118 
orcliitis in, 1118 
osteitis in, 1111 
osteomyelitis in, 1113 
iE-rays in, 1162 
pancreatitis in, 1110 
perforation of gall-bladder in, 1108 
periostitis in, 1111 
shirt-stud al^cess in, 1113 
spine of, 1114 
treatment, 1116 
spleen in, 1110 

stricture of esophagus after, 1108 
sujgcry, 1101 
urethntis in, 1118 


Ulcer, rodent, x-rays in, 1175 
Ulceration of arteries, 86 
syphilitic, of cervix, and cancer of 
uterus, differentiation, 536 
Ulcerative periarteritis, 86 
Ulcers, granulating, skin-grafting in, 896 
varicose, 154 

Moreschi’s operation for, 160 
radical operation, 158 
treatment, 157 
Ulna, excision of, .768 
Ulnar artery, ligation, 698 

in lower third of forearm, 701 
in middle third of forearm, 699 
Umbilical hernia, local anesthesia in, 
1076 

Unguentum Credd, 596 
Uremia, diagnosis, 1222 
Ureteral calculi, x-rays in detecting, 1 153 
fistula in female, diagnosis, 448 
Ureterovaginal fistula, closure of, 455 
Dudley’s operation for, 456 
Schede’s operation for, 456 
Ureterovesicovaginal fistula, 450, 456 
Ureters, catheterisation, in gynecologic 
examination, 378 

Urethra in gynecolodc examination^ 368 
operations on, local anesthesia in, 1076 
Urethral caruncle, 402 

neuromatous, in female, 402 


Urethritis in typhoid fever, 1118 
Urethrovaginai fistula, diagnosis, 448 
Urethrovesicov^nal fistwa, Macken- 
rodt’s operation for, 452 
Urinary fistula in female, 446 
classification, 446 
course and symptoms, 447 
diagnosis, 448 
cti^gy, 447 
treatment, 449 
operative, 449 
preparatory, 449 

Urine, examination, before anesthesia, 
1007, 1008 

suppression of, after operation, 653 
Uterine cavity, digital exploration, in 
gynecologic examination, 370 
dilatation, in gynecologic examina- 
tion, 370 

sound in gynecologic examination, 370 
Uterosacral ligaments, shortening, for 
retroversion of uterus, 510 
Uterovaginal prolapse, 491 
Uterus, absence of, 3^ 


accessory, 386 
adenocarcinoma of, 532 
anteflexion, 409. Sec also Anteflexion 
oj uterus, 
anteversion, 498 
treatment, 499 
bicomis bicolis, 385 
bilobularis, 384 

carcinoma of, 530. See also Carcinoma 
of uterus, 

chorio-epithclioma of, 539 
and cancer of uterus, differentiation, 


537 


didelphys, 385 
dislocations, 498 
displacements, 490 
aownward, 490 
upward, 490 
double, 384 

fibrocystic tumors of, 523 
fibroids of, 517. See also Fibroids of 
uterus. 


fibromyxoma of, 624 
inflammation of, 460. See also Metritis, 
inversion, 611. See also Inversion of 


uterus. 


malformations of, 383 
myoma of, 517. Sec also Fibroids of 
uterus, 

prolapse, 490. Sec also Prolapse of 
uterus. 


retroflexion, 502 

treatment, 603. See also Retro- 
version of uterus. 

retroversion, 501. See also Retro- 
version of uterus, 
rudimenta^, 385 
rupture, 479 
treatment, 480 
sarcoma, 538 

and carcinoma of uterus, differentia- 
tion, 537 
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Uterus, septus, 384 
surgery, 460 

tumors of, 517. See also Tumors of 
uterus. 

ventrofixation of, for retroversion, 507 I 
ventrosuspension of, for retroversion, 
507 

unicornis, 385 
wounds, 479 

Vaccination, sui^gcry of, 1131 
Vaccinia, surgery of, 1 131 
Vagina, absence of, 381 
treatment, 381 

artificial, construction of, 381, 382 
Baldwin's method, 382 
Beck's method, 3^ 
atresia of, 381 
benign new-growths of, 410 
carcinoma of, 412 
treatment, 412 

chorio-epithelioma of, primary, 414 
treatment, 4J5 
condyloma of, pointed, 412 
cysts of, 410 
treatment, 411 
double, 382 
. fibrorayoma of, 411 
foreign bodies in, 415 
treatment, 416 
malformations of, 381 
malignant now-growths of, 412 
sarcoma of, 415 
stenosis of, 381 
suigery of, 408 
^neral considerations, 387 
traumatism of, 418 
tuberculosis of, 410 
Vaginal ( -esarean section, 485 
technic, 486 
examination, 363 

fixation for retroversion of uterus, 51 1 
hysterectomy, 540 
after-treatment, 547 
operations for retroversion of uterus, 
511 

Vaginismus, 396 
• inferior, 396 
superior, 396 
treatment, 396 
Vaginitis, 408 
acute, treatment of, 409 
chronic, treatment of, 410 
treatment, 409 
Vagino-uterine prolapse, 490 
VaMva's treatment of aneurism, 247 
Valves of veins, 141 

Vanzetti's treatment of arteriovenous 
aneurism, 310 
Varicella gangrenosa, 1139 
surgeiy of, 1139 
Varicocele, 154 
Varicose aneurism, 290 
by dilatation, 291 
ulcers, 154, 155 
Moreschi’s operation for, 160 


Varicose aneurism, radical oper^on, 158 
treatment, 157 
veins, 152 

Babcock's operation, 163 
causes, 152 

exciting, determining, or localiz- 
ing, 152 

p^isposing, 152 
clinical varieties, 154 
complications, 155 
Delbet's test for insufficiency of 
valves in, 154 
diagnosis, 156 
histologic changes, 153 
influence of age on, 152 
of arteriosclerosis on, 152 
of nervous diseases on, 152 
of phlebitis on, 152 
of pregnancy on, 152 
of sex on, 152 
Kellar’s operation for, 163 
Kraemer’s operation for, 161 
lymphangitis complicating, 155 
Mayo's operation for, 161 
Narath's operation for, 161 
neuralgia complicating, 156 
of lower extremities, 154 
of vulva, 405 
open section, 161 

operations for, local anesthesia in, 
1070 

phlebitis complicating, 155 
resection, 160 
rupture, 155 

Sclicde'fl operation and its modifica- 
tions, 159 

Schwartz's test for insufficiency of 
valves in, 154 

secondary changes from, 153 
thrombectomy, 161 
treatment, 156 
hygienic, 156 
operative, 158 
- embolism in, 164 
relapse, 165 
results of, 164 
preventive, 156 

Trendelenburg’s operation, 159 
test for insufficiency of valves in, 
154 

Variola, surgery of, 1139 
Varix, anastomotic, 153 
ancurismal, 290 
venous, 152 
Vasa vasorum, 84 

Vascular ^stem, effect of multiple in- 
juries on, 940 
Burgery, 17 

Vasotribe, Doyen's, 113 
Vasotripsy in wounds of arteries, 113 
Vein, femora], li^ption of, 169 
suture of, 172 
jugular, fiction of, 170 
popliteal, ligation of, 170 
subclavian, suture of, 172 
Veins, arterializing, 296 
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Veins, coats of, 140 
diseases and injuries, 140 
external coat, 140 
foreign bodies in, 168 
^unsliot wounds, 168 
internal coat, 140 
ligation, 168 
middle coat, 140 
patching of, 172 

prcliminaiy anatomic and physiologic 
data, 140 
surgery, 140 

suture of, 171. See also PhIel)orrhaphy. 
traumatisms of, 165. J^ce also irou/w/s 
of veim. 
valves of, 141 

varicose, 152. See also Varicose 
veins. 

wounds of, 165. See also Wounds of 
veins. 

Velix^au’s method of excising upper jaw, 
754, 757 

Vena cava, l^ation, 170 
port.’T, ligation, 170 
suture, 172 

tcrminolateral transplantation, into 
cava, 172 

Venereal warts of vulva, 401 
Venous anesthesia, 1081 
hemorrhage, 180 

in wounds of veins, conditions which 
increase or diminish, 167 
effect of asepsis on, 167 
of heart disease on, 167 
ligation for, 168 
spontaneous arrest, 166 
suture for, 171 

internal, in wounds of veins, 160 
subcutaneous, in w’ounds of veins, 166 
transplantation, partial, of Carrel, 137 
trunlu, large, ligation of, collateral 
circulation after, 169 
varix, 152 

Ventral hernia and cysts of ovaiy, differ- 
entiation, 567 ^ 
local anesthesia in, 1075 
Ventricles of heart, wounds, causes of 
sudden arrest of heart action in, 4t) 
Ventrofixation of uterus for retroversion, 
507 ^ ’ 

Ventrosuspension of uterus for retro- 
version, 507 ^ 

Vertebras, cardiac, 42 
excision of, 769 
Vertebral artery, ligation, 686 
Vertigo, division of auditoiy ner\’c for, 
994 

Vesical calculi, j-rays in detecting, 1154 
fistula in female, diagnosis, 448 
gynecologic examination, 368 
Vesicovaginal fistula, denudation opera- 
tion for, 450 
after-treatment, 450 
kolpocleisis in, 457 
Mackenrodt’s operation for, 452 
mobilization operations for, 451 


Vesico-utcrine fistula, closure of, 454 
Vesico-uterovaginal fistula, closure of, 
454, 455 

Vienna mixture as anesthetic, 1042 
Virgins, gynecologic e.xamination of, 374 
Visiting staff of hospital, organization, 
1211 

Vitium cordis, 60 

Voinitch^s syringe in pericardicentosis, 28 
triangle of safety, 20, 28, 29^ 
Voikmann’s method of excising knee- 
joint, 786 

of performing arthrectomia synovi- 
alis, 787 

osteotomy of upper end of femur, 750, 
75 L 

Vomiting after anesthesia, treatment, 
1018 

after hysterectomy, treatment, 648 
after operation, treatment, 650 
von Bruns’ method of excising elbow- 
joint, 780 

Vulva, carcinoma of, 400 
treatment, 407 

condyloma of, 401. See also Con- 
dyloma of vulva. 
acuminata of, 401 
lata of, 401 
elephantiasis of, 400 
fibromyoma of, 403 
hard papilloma of, 401 
Jiydroceie of, 404 
treatment, 405 
hypertrophy of, 399 
inflammatoiy and allied diseases, 388 
kraurosis of, 398 
^ treatment, 399 
lipoma of, 403 
lupus of, 393 

new-growths of, benign, 399 
malignant, 406 
pruritus of, 394 
treatment, 395 
sarcoma of, 408 
surgery, 388 

general considerations, 387 
traumatism of, 417 
varicose veins, 405 
venereal warts, 401 
warts of, 401 
warty growths, 401 
Vulvitis, 388 
chronic, 390 
diphtheric, 389 
etiology, 388 
gonorrheal, 389 
treatment of, 390 
puerperal, 390 
ssrmptoms, 389 
treatment, 390 

Vulvovaginal glands, inflammation, 391 

Walkowitch’s method of excising knee- 
joint, 786 

Wallace and Marriage’s operation for 
division of auditory nerve, 095 
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Warbasae’s method of arthrectomy of 
knee-joint; 787 

Wardrop’s operation for aneurism, 256 
Warning hemorrhages of PirogofT, 87 
Warren^ sterilized test-tube, 1202 
Warts of vulva, 401 
venereal, of vulva, 401 
Warty growths, pointed, of vulva, 401 
Water, hot, for prophylactic hemostasis, 

sterilization of, incomplete, for opera- 
tion, method of detecting, 1201 
Water-wheel bruit in wounds of heart, 55 
Watkins’ operation for complete tears 
of perineum, 433 

Weber’s method of excising upper jaw, 754 
Werthciin-Watkins operation for cysto- 
cole, 444 
Whiplash, 1.55 

Wiiite clot in aneurism, 228, 229 

thrombus, functions of, in wounds of 
arteries, 102 

Whites in gynecologic examination, 357 
White’s method of excising hip-joint, 784 
Whooping-cough, sui^cry of, 1136 
Wieting’s method of arteriorrhaph^, 129 
Williams’ sign in adhesive pericarditis, 37 
Wills, drawing of, by surgeon, legal 
aspects, 119.5 

Wire basket for laboratory work, 1205 
Wiring in aneurism, 251 
Wolfe’s method of skin-grafting, 896, 899 
Wounding coronary vessels in pericardi- 
centesis, 26 

Wounds, closure, after operation, 646 
dressing, after operation, 648 
infection, methods of preventing and 
. overcoming, 592 
sources, 591 

of arteries, angiotripsy in, 113 
Brewer’s method of closing, 139 
cicatrization and hnal healing, 104 
complete, 99^ 
compression in. 111 
electrothermic anpotripsy in, 114 
DoAvnes’ method, 115 
forcipressure in, 112 
history, 113 
gunshot, 101 

provisional hemostasis in, 101 
hemostasis in, effect of contusion on, 
103 

of diminished arterial pressure 
on, 104 

of increased coagulability of 
blood on, 104 
of laceration on, 104 
of long, tortuous, narrow tracts 
on, 104 

of shock on, 104 
incised, 100 
incomplete, 99 

ligation, 115. See also LigaHon of 
arteries, 

longitudinal, 100 
natural hemostasis in, 101 


Wounds of arteries, non-penetrating, 99 
oblique, 100 
open, 99 
penetrating, 99 
perforating, 99 

provisional hemostasis in, 101 
punctured, 99 

red or passive clot in, functions of, 
102 

spontaneous hemostasis in, per- 
manent. 104 
temporary, 101 
BubcutaneoiM, 10.5 
complications, 108 
diagnosis, 108 

infection and suppuration in, 108 
ligations in continuity, 110 
prognosis, 108 
symptomatology, 108 
treatment, 109 ^ 
thrombus in, organization of, 104 
influence of infection on, 105 
torsion in, 1 13 
transverse, 100 
treatment, 111 
vasotripsy in, 113 

white thrombus in, functions of, 102 
of auricles of heart, causes of sudden 
arrest of heart action in, 49 
of coronary arteries, 79 
of heart by impaling, 52 
cardiorrhaphy in, ^ 
anesthesia, 72 
closure of wound, 72 
drainage of pericardium and 
pleura after, 70 
char^ter, 51 
classification, 51 
clinical career, 56 
complications, 56 

control of cardiac circulation in, 44 

contused, 51 

crushed, 51 

diamosis, 53 

etimogy, 51 

experimentaldata and physiopathol- 

exploratory pericardiotomy m, 59 
Kocher’s method, 61 

Rehn’s modification, 62 
McBumey’s muscle-splitting 
principle in, 63 
* Ollier’s method, 62 

Porter’s method, 62 ' 
Spangaro’s method, 63 
external or extrinsic, 51 
gunshot, 51 
incised, 51 

internal or intrinsic, 51 
localization, 51 
mill-wheel bruit in, 55 
mortality from, causes, 74 
Nietert’s bruit in, 55 
opening of pericardium in^ 67 
penetrating, effects of, 52 
frequency of, 52 
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Woukids of heart, penetrating, localiMr beneficial effects, 1175 

tion of, 52 companMH^ of skiagraph and jnicit# = 

" pleuropericardial mfection in, 67' fiinph, 1147 . ^ 

pneiunothorax in, treatment, 66 conditions necessary for clear ifetidi8,V^ 

preservation of contractility of heart 1151 . 
muscle after exclusion of circular deleterious effects. 1171 


tion, 46 
punctured, 51 
statistical conclusions, 74 
sudden arrest of heart action in, 
causes, 47 
^mptoms, 53 
terminations, 56 
thoracotomy in, '56 
treatment, 57 

of associated pleuropulmonary 
lesions in, 66 
operative, 58 
methods of election, 59 
' postoperative, 73 
water-wheel bruit in, 55 
x-rays in, 56 

of lungs in pericardicentesis, 30 
in woimds of heart, treatment, 66 
of myocardium, causes of sudden 
arrest of heart action in, 48 
of pericardium, 38, 40 
of pleura in wounds of heart, treat- 
ment, 66 
of uterus, 479 
of veins, l65 
air-embolism in, 168 
complications, 168 
fat-embolism in, 168 
gunshot, 168 

uitfffnal hemorrliage in, 166 
open, 165 
subcutaneous, 165 
hemorrhage in, 166 
symptoms, 165 
of ventricles of heart, 49 
redressing, after operation, 648 
Wrist-joint, disarticulation at, anterior- 
ellipse, 818 

exiemal lateral, or radial flap, 819 
excision, 780 
Boeckers method, 782 
by single dorsal incision, 782 
by two dorsal incisions, 781 
Langenbeck’s method, 782 
Lister’s method, 782 - 

Ollier’s method, 781 
through bilateral incisions, 782 
Wyeth’s method of disarticulation at 
hip-joint, 8TO 
pins, 828 


dermatitis, 1172 . 

Examination, gyhecokiijio, 376 
* in aneurism, 236 / r 

hard, 1147 

uAibscess of bij«b, 1162 
in adenitis, 1177 ■ 
in atrophio artmis, 1163 . 
in atrophy ^,bpne, 1163 
in bone-cyst, 1169 « 

in bone-disease, 1156 
in carcinoma, 1176 
recurring alter operation, 1176 
in caries sicca, 1158 
in chondrodystrophia foetalis, 1165 
in chronic arthritis, 1162 
in detecting biliary calculi, 1155 
foreign bodies, 1151 
renal and ureteral calculi, 1153 
vesical calculi, 1 154 
in epithelioma, 1175 
of mucous membranes, 1176 
in exophthalmic goiter, 1 177 
in exostosis bursata, 1169 
in foreign bodies in heart, 56 
in fractures, 1155 

in giant-cell sarcoma of bone, 1169 
jn gout, 1 163 

in Hodgkin's disease, 1177 
in hypertrophic arthritis, 1163 
in keloid, 1175 
in lupus, 1175 ^ 

in multiple chondral exostoses, 11^ 
in non-suppurative joint infections, 
1163 

in osteitis deformans, 1167 
in osteoma, 1169 
in osteomalacia, 1 167 
in osteomyelitis, 1161 
in periosteal dysplasia, 1166 
in rickets, 1164 
in rodent ulcer, 1175 
in 8aTooiBarll76 
of bone;^169, 1170 
in scrofuloderma, 1 175 
in surgery, 1143 
: in syi&lis of bone, 1160, 1161 
in tuoemilous adenitis, 1177 
in wounds of heart, 56 
injurious effects, on internal oigansi 
1173 


. X-RAY, action of, o . cteria, 597 
anatomy, 1148 

cancellous structure and shape of 
bone. 1150 
cortical bone, 1150 
epiphyseal lines, 1151 
medullary canal, 1151 
outline o! bones, 1150 
as cause of azoOspermia, 1178^. 


miscellaneous uses, 1177 
penetrating power, 1146 
physical experimentation 
discovery, 1144 
properties, 1144 \ 

;^ment, 1175 

ZSmiR diagram, 981 

ZSphU^595 


to 










